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_lDx2ihWKF-https://www.youtube.com/watch?v=P8tXDuP9t88&list=PL08ef9eJxtJa3svcoUCDmG 

 أفضل شرح للماده 

 

 Matrixال ا

   scalar كلها اسمه  matrixوالعدد اللي نضربه بال entries وكل رقم فيها يسمى rectangularعباره عن 

 

 

لازم يكون عدد أعمدة المصفوفه  ))  ضربال  (( تكون من نفس الحجم اما عند لازمmatrix ال  )) جمع وطرح   ((عندملاحظه : 

 .الأولى يساوي عدد صفوف المصفوفه الثانيه 

 

 

 :      3   (column)3×2(row)×4    حجم(( لمصفوفه من  الضربمثال على )) 

 

 matrixخصائص ال 

𝑨𝑩 ≠  𝑩𝑨  ابداليهلأن عملية الضرب ليست   Not comutitive 

𝑨 –  𝑨 =  𝑨 + (−𝑨)  =  𝟎 

𝑨 –  𝑩 =  − 𝑩 –  𝑨 

𝑨 –  𝟎 =  𝑨 

𝑨 +  𝑩 =  𝑩 +  𝑨  

𝑨 + ( 𝑩 +  𝑪 )  =  ( 𝑩 +  𝑨 )  +  𝑪 

𝑨(𝑩𝑪) = (𝑨𝑩)𝑪 

 

2×4ينتج مصفوفه  عمود  × عملية الضرب تكون صف   

https://www.youtube.com/watch?v=P8tXDuP9t88&list=PL08ef9eJxtJa3svcoUCDmG-_lDx2ihWKF
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 ع أنواع :ارب  matrixال 

 

 Zero matrix  -1: هي مصفوفه من أي حجم كلها اصفار مثل : 

 

 

 

2- Identity matrix   هي : Special Matrix : مصفوفه مربعه وكلها اصفار ماعدا قطرها واحدات مثل 

 

 

 

 

3-Diagonal matrix   هي مثل ال :Identity matrix  ولكن الفرق انها ليستSpecial م مثل :وقطرها ارقا 
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4- Triangular matrix   وتحت :أ: مصفوفه مربعه وفيها مثلث صفري والأرقام تكون فوق 

 

 

 

 :  matrixالعلميات على ال

 

Trace matrix -1  مصفوفه مربعه اذا طلب بالسؤال نطلع ال :Trace matrix    فقط نجمع اعداد قطرها الmain daiognal  مثل

: 
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Determinants-2  مربعه واذا طلب بالسؤال ال  مصفوفهDeterminants : لها حالتين 

- 

 

 

 .بدون رؤوس  مثل اقواس القيمه المطلقه Determinantsملاحظه : اقواس ال 

 

 

3- Determinants Cofactor  : 

 قانونها :

    𝑪𝒊𝒋 =(−𝟏)𝐢+𝐣 ×𝐌𝐢𝐣    ال Mij   تدل على  minor   وال  𝑪𝒊𝒋  والi row  والj column 

 

 

 يجي بطريقتين (  : عليها والسؤال (  

 

رب بطريقة اض 2×2مصفوفه 

 المقص وبينهم طرح

1 

مصفوفه مربعه اكبر من 

واكبر  3×3 مثل 2×2

 استخدم هالطريقه

2 
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اذا ماحدد بالسؤال صف او عمود معين 

)) وافضل خيار اني الخيار مفتوح 

 لأن (0)اختار الصف اللي فيه الرقم 

    (( Determinantsله   نعملمايحتاج 

 

1 

 نحذف الصف الثالث العمود الثاني 

نحذف الصف الأول العمود 

دائما   Cofactorناتج ال  الأول

  Mainorنفس ناتج ال 

بأختلاف الأشاره اذا كان 

س زوجي حاصل جمع الأس

ينزل زي ماهو .. أما اذا 

كان حاصل جمع الأسس 

فردي فقط ننزل العدد زي 

 ماهو و نعكس الأشاره 

 فقط نعكس الأشاره لأن ناتج جمع الأسس عدد فردي 

 ينزل زي ماهو لأن جمع الأسس عدد زوجي 
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 ملاحظه : الأشارات تتبع هذي الطريقه 

[
+ − +
− + −
+ − +

] 
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 ملاحظه :

 

 

 هذا مثال على اثبات نظريه :

 

 

 

4-Symmetric matrix وهي  : مصفوفه مربعهSpecial  ومساويه للTranspose matrix : 

 

  

Properties of Symmetric matrix : 

 

 

 

5- Transpose matrix  مصفوفه من أي حجم واذا طلب بالسؤال نطلع ال :Transpose matrix  
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 : (( لها حالتين)) 

 

 

 

 

 [
𝟒 𝟓 𝟕
𝟐 𝟔 𝟑

] 

 

[
𝟒 𝟐
𝟓 𝟔
𝟕 𝟑

] 

 

 

Transpose Matrix Properties   :  

:مثل   

(𝑨𝑩)𝑻 = 𝑩𝑻𝑨𝑻 

 مرتين راح ترجع لحالتها الأصليه مثل : Matrix  لنفس ال Transposeمن خصائصها أيضاً لو أسوي 

(𝑨𝑻)𝑻 = 𝑨 

 ً  في الطرح لازم تكون نفس التريب يعني ليست ابداليه مثل :  من خصائصها أيضا

(𝑨 − 𝑩 )𝑻 = 𝑨𝑻 − 𝑩𝑻 

 

 

 : 3×3اللي باليمين يصير باليسار والعكس مثل هذي مصفوفه  entriesاذا كانت المصفوفه مربعه نثبت قطرها ونبدل مكان ال 

 

1 

 :  3×2تصير بعد القلب  2×3اذا كانت المصفوفه غير مربعه فقط نقلب مكان الصفوف الى اعمده مثل هذي مصفوفه 

 

2 
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 :   Systemأنواع ال

1- Consistent : at least one solution. 

2- Inconsistent : has no solution. 

all equations are set =0 :Homogeneous Systems -3 

 :   Homogeneousمثال على 

𝟑𝒙 + 𝟐𝒚 = 𝟎 

 :   non Homogeneous مثال على 

𝟑𝒙 + 𝟐𝒚 = 𝟓 

 

 

 (  لازم تكون : Linear equations ملاحظه: عشان المعادله تكون ) 

trigonometric, exponential, involved in  no variables of variables and rootsor  no productshave 

or logarithmic functions , Variables appear only to the first power. 

 مثال : 
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Solving Linear System by : 

1-Gauss Elimination 

2-Gauss-Jordan Elimination 

3-Inverse Matrix Method 

4-Cramer Rule 

 

1-Row-echelon form (Gaussian elimination: is the procedure for reducing a matrix to a row-echelon 

form). 

ماتكون الواحدات فوق بعض وتحتوي على مثلث صفري اسفل اليسار وقطرها واحدات و 1من شروطها ان الصف الأول يبدأ بالرقم 

 مثل :

 

 Reduced row-echelon form (Gauss-Jordan elimination is the procedure for reducing a matrix to a 

reduced row-echelon form). 

 ه اصفار مثل :يكون فوقه وتحت 1من شروطها  قطرها واحدات تحتوي على مثلث صفري والرقم 

 

 ملاحظه : 

 يكون فوقه وتحته اصفار .  leading 1ال

 

 

 

 ملاحظه :

1-row-echelon form not unique   كل طالب اجابته مختلفه عن الآخر  

2-reduced row echelon form unique إجابات الطلاب تكون موحده    

   




















10000
41000
23100
31251















 

0000
3100
2010
1001
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Example 1  مقتبس من ملخص(EMS) : 

Use Gaussian Elimination to Solve the system of linear equation?  
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Example2 :   

Solving the system by using elementary operation   أو Gaussian elimination?  
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1110

5310

9321

الهدف هنا نخلي القطر كله واحدات والمثلث الصفري 

اسفل اليساريكون تحت   

على شكل   systemطريقة كتابة ال 

Augmented    أي على شكل مصفوفه 
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x = 1 

y = -1 

z = 2            

atricesInverse M : 

𝑨−𝟏𝑨 = 1                                𝑨𝑨−𝟏 = 1                                    AB = BA = 1 

2 × 2 من شروطها تكون مربعه والهدف منها اسوي مثلث صفري فوق وتحت وقطرها كله واحدات وقانونها اذا كان حجمها    

𝑨−𝟏 = 
𝟏

𝒂𝒅−𝒃𝒄
 [
𝒅 −𝒃
−𝒄 𝒂

] 

2 × 2قانونها اذا كانت اكبر من     

(𝑨𝑩)−𝟏 = 𝑩−𝟏𝑨−𝟏 

 Transpose Inverseقانونها ب 

(𝑨𝑻)−𝟏 = (𝑨−𝟏)𝑻 

 Determinants Inverseقانونها ب 

𝐝𝐞𝐭(𝑨−𝟏) =   
𝟏

𝒅𝒆𝒕 (𝑨)
 

33)
2

1
( rr 
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بالعمود  1أو  0ملاحظه : أفضل تكنيك اذا كان الرقم اللي ابي احوله ل 

العمود الثاني كذا الأول اضربه أو اجمعه أو اطرحه من الصف الأول وه

اضربه ب   1الى  2وافضل تكنيك عشان احول الرقم  بالصف الثاني 
𝟏 

𝟐
 

اضربه ب  1 الى 3اما اذا ابي احول الرقم 
𝟏

 𝟑
 وهكذا  

 

  التعويض ملاحظه : هذا الناتج طلع من

اذا ضربنا المصفوفه في 

 مقلوبها يعطينا مصفوفة الوحده
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 مثال :

1  -Solve the matrix Finding A 

Calculating the Inverse of a 2 × 2 Matrix : 

𝑨 = [
𝟔 𝟏
𝟓 𝟐

] 

𝒅𝒆𝒕(𝑨) = (𝟔)(𝟐) − (𝟏)(𝟓) 

= 𝟏𝟐 − 𝟓 = 𝟔 

𝑨−𝟏 =
𝟏

𝟔
[
𝟐 −𝟏
−𝟓 𝟔

] = [

𝟏

𝟑
−
𝟏

𝟔

−
𝟓

𝟔
𝟏

] 

Using the Row Operator ( find invers in new method ) :   بطريقه أخرى  

𝑨 = [
𝟏 𝟑
−𝟐 −𝟕

] 

 

[𝑨 ⃒ 𝑰] = [
𝟏 𝟑
−𝟐 −𝟕

 ⃒ 
𝟏 𝟎
𝟎 𝟏

] 

 

[
𝟏 𝟑
−𝟐 −𝟕

 ⃒ 
𝟏 𝟎
𝟎 𝟏

]  

 

[
𝟏 𝟑
𝟎 −𝟏

 ⃒ 
𝟏 𝟎
𝟐 𝟏

]  

 

[
𝟏 𝟑
𝟎 𝟏

 ⃒ 
𝟏 𝟎
−𝟐 −𝟏

]  

 

[
𝟏 𝟎
𝟎 𝟏

 ⃒ 
𝟕 𝟑
−𝟐 −𝟏

]  

 

𝑨 = [
𝟏 𝟑
−𝟐 −𝟕

]𝒂𝒏𝒅 𝑨−𝟏 [
𝟕 𝟑
−𝟐 −𝟏

]  

 

 

المحدده د القيمه جاولآ : نو  

 ثانيا : نوجد المقلوب حسب القانون 

فوفه في مصفوفة الوحده صمهم نكتب هالخطوه ) ضرب الم

) 

2𝑅1 + 𝑅2 → 𝑅2 

(−1)𝑅2 → 𝑅2 

 

3𝑅2 − 𝑅1 → 𝑅1 
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 : matrix  3 × 3خر على مثال آ

1  -Solve the matrix Finding A   

 

 الخطوه هذي لازم اكتبها مثل حجم المصفوفه المطلوبه بالسؤال لأن الهدف احول الطرف الأيسر مثل الطرف الأيمن 
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 مثال على هذا القانون :

 

 

 

 

 

 

اول خطوه اكتبها على شكل مصفوفه بهذا 

 الشكل

 inverse ثاني خطوه اطلع ال

  inverseثالث خطوه اضرب ال 

 bبالمصفوفه 
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Inverse Transformations : 

 

 

 

 

 مثال :

 

 



Haifa al-dobian  1348 / 2017 Linear Algebra math 251 From week 1 to 14  ملخص 

SEU1.ORG  18 

 

Cramer’s Rule 

 

𝒙𝟏 =
𝒅𝒆𝒕(𝑨𝟏)

𝒅𝒆𝒕(𝑨)
    ,   𝒙𝟐 =

𝒅𝒆𝒕(𝑨𝟐)

𝒅𝒆𝒕(𝑨)
      ,   𝒙𝟑 =

𝒅𝒆𝒕(𝑨𝟑)

𝒅𝒆𝒕(𝑨)
       

 

  مثال:

 

 

 

Solution space of the homogeneous system of equations Ax = 0 Called null Space. 

 

عباره عن   Systemملاحظه ال 

 معادله فيها مجاهيل
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Augmented Matrix : 

 مثل :

𝒙 − 𝟒𝒚 + 𝟑𝒛 = 𝟓 

−𝒙 + 𝟑𝒚 − 𝒛 = −𝟑 

𝟐𝒙         − 𝟒𝒛 = 𝟔 

Augmented Matrix : 

[
𝟏 −𝟒      𝟑 
−𝟏 𝟑 −𝟏
𝟐 𝟎 −𝟒

     𝟓
    −𝟑
     𝟔

] 

Coefficient Matrix: 

[
𝟏 −𝟒      𝟑 
−𝟏 𝟑 −𝟏
𝟐 𝟎 −𝟒

] 

 

 

 

 

 :  least square solution of linear matrix خطوات حل ال

Express the system in matrix : 

𝑨𝒙 = 𝒃 

Best Approximation أو Least Squares solutions : 

𝑨𝑻𝑨𝒙 = 𝑨𝑻𝒃 

Error vectors : 

𝒃 − 𝑨𝒙 

Erorr : 

‖𝒃 − 𝑨𝒙‖ 

 

 

 

 

 

1 

2 

3 

4 
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 مثال عليها : 

 

 

 

 

 

1 

2 

3 

4 
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نوعين :  Vectors in coordinate system ال 

Gumatrie -1 

coordinate system -2 

   spaceلازم يكون من نفس ال او ضربهم  عند جمعهم او طرحهم vector ملاحظه: ال 

 

 component :  2تحتوي على   vector two spaceمثال على 

V=(1,4) 

 component :  3 يحتوي على vector three space مثال على 

V=(5,7,6) 

 امثله على ال  

column vector or column matrix is an m × 1 : 

 

m 1 ×is a  row matrix or row vector  

 

 

 

 

  ال Vector Norm له ثلاث أسماء :

Length  -   magnitude   -   norm    ورمزها‖𝒗‖     وقانونها: 

= √𝒗𝟏
𝟐 + 𝒗𝟐

𝟐 + 𝒗𝟑
𝟐…… .+𝒗𝒏

𝟐   ‖𝒗‖ 

 : Unit Vectors ن ال قانو   

u = 
𝟏

‖𝒗‖
𝒗 

 قانونها :  Euclidean normال 

‖𝒗‖ = √|𝒗𝟏|
𝟐 + |𝒗𝟐|

𝟐 +⋯+ |𝒗𝒏|
𝟐  

 قانونها : Distance vectorال 

𝑑(𝑢, 𝑣) =  ‖𝒖 − 𝒗‖ 
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 :   Normمثال سؤال على ال

𝐈𝐟  𝒗 = (−𝟑, 𝟐, 𝟏),  𝐟𝐢𝐧𝐝 ||𝒗|| ؟؟     

𝒗𝟏√ =:   الجواب : مجرد تعويض في هذ القانون
𝟐 + 𝒗𝟐

𝟐 + 𝒗𝟑
𝟐…… .+𝒗𝒏

𝟐   ‖𝒗‖ 

 

= √(−𝟑)𝟐 + 𝟐𝟐 + 𝟏𝟐 = √𝟏𝟒 ‖𝒗‖ 

 

 

𝐈𝐟  𝒗 = (𝟏,−𝟑, 𝟐), 𝒂𝒏𝒅 𝒘 = (𝟒, 𝟐, 𝟏) 𝐟𝐢𝐧𝐝 𝒗 + 𝒘 𝒂𝒏𝒅 𝒗 − 𝒘 ? ? 

𝒗 + 𝒘 = (𝟏 + 𝟒  , −𝟑 + 𝟐  , 𝟐 + 𝟏) 

= (𝟓,−𝟏, 𝟑) 

𝒗 − 𝒘 = (𝟏 − 𝟒 , −𝟑 − 𝟐 , 𝟐 − 𝟏) 

= (−𝟑 , −𝟓 , 𝟏) 

 :   Distance vectorمثال سؤال على ال

Find the distance between 𝒖 = (𝟎, 𝟐) 𝒂𝒏𝒅 𝒗 = (𝟐, 𝟎) ? ? 

𝒅(𝒖, 𝒗) =  ‖𝒖 − 𝒗‖ = (𝟎 − 𝟐), (𝟐 − 𝟎) =  ‖−𝟐, 𝟐‖ 

= √(−𝟐)𝟐 + 𝟐𝟐 = √𝟒 + 𝟒 = √𝟖 

 

   

 

قانونها   Euclidean Dot prouductاو ال  Euclidean inner prouduct او ال inner prouductاو ال   Dot prouductال 

: 

𝒖 . 𝒗 =  𝒖𝟏𝒗𝟏 + 𝒖𝟐𝒗𝟐 +⋯+ 𝒖𝒏𝒗𝒏    

 قانونها : complex Dot prouduc  او  complex Euclidean inner prouduct ال   

𝒖 . 𝒗 =  𝒖𝟏𝒗𝟏̅̅ ̅ + 𝒖𝟐𝒗𝟐̅̅ ̅ + ⋯+ 𝒖𝒏𝒗𝒏̅̅̅̅     

 

 

 

 

  scalarناتجها دائما عدد 

لازم اكتب القوسين اذا كان العدد سالب لان بدونه راح يعطيني 

 ناتج مختلف بالآله الحاسبه



Haifa al-dobian  1348 / 2017 Linear Algebra math 251 From week 1 to 14  ملخص 

SEU1.ORG  23 

 Inner Products : 

 قانونها :

 

 

Properties of the Dot Product    :  

 

Properties of Euclidean Dot prouduct   :  
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Properties of Inner Products : 

 

 

 : inner prouductاو  Dot prouductمثال على 

 If u = (3, −2) and v = (4, 5)  ؟؟  :السؤال 

u · v = (3)(4) + (−2)(5) = 12 − 10 = 2     : الجواب 

 

 : Dot Products and Matricesمثال على 

 

 



Haifa al-dobian  1348 / 2017 Linear Algebra math 251 From week 1 to 14  ملخص 

SEU1.ORG  25 

 

 

𝐜𝐨𝐬 قانون ال  Ø اذا كانتangle   بينnonzero vector  وهم u , v : 

 𝐜𝐨𝐬Ø =
𝒖. 𝒗

‖𝒖‖‖𝒗‖
 

 

 

angle between u and v : 

 

 

 

 

 

 

 : nonzero vectorبين   angleاذا كانت 𝐜𝐨𝐬Ø  المثال على 

  ?? Find the angle between the vectors u = (2, 5) and v = (4, −3)السؤال : 

 الجواب :

 𝐜𝐨𝐬Ø =
𝒖.𝒗

‖𝒖‖‖𝒗‖
 = 

(𝟐)(𝟒)+(𝟓)(−𝟑)

√𝟐𝟐+𝟓𝟐+√𝟒𝟐+𝟑𝟐
 = 

𝟖−𝟏𝟓

√𝟒+𝟐𝟓√𝟏𝟔+𝟗
 = 

−𝟕

√𝟐𝟗√𝟐𝟓
 = − 

𝟕

𝟓√𝟐𝟗
 

Ø = 𝐜𝐨𝐬−𝟏 (−
𝟕

𝟓√𝟐𝟗
) = 105.1  
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 قانونها :     outer product  او ال  cross product ال

 

 

 ملاحظه : الأشارات تتبع هذي الطريقه 

[
+ − +
− + −
+ − +

] 

 

 

 الطريقه عملية الضرب ابداليه بهذي cross productالحاله الشاذه في ال 

u × v = − ( v × u ) 

u × u = 0 

 

 : Dot prouductوال   cross productالعلاقه بين ال

 

 

 

الثالثهنا احذف  هنا احذف الثاني  هنا احذف الأول بالحل اختار واحد من القانونيين   

 القانون الأول

ون الثانيلقانا  

 scalarوليس   vectorناتجها دائما 
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 :   Subspace ال 

 لها شرطين : 

1-if u and v re vectors in W , then u + v is in W. 

2-if k any scalar and u is any vectors in W , then k u is in W. 

 

 ملاحظه :

بيعطيني العدد نفسه واي عدد  0هنا ذكرت شرطين فقط باقي الشروط مكرره مثل أي شي نجمعه مع ال   vector spaceالشروط 

 :الخ ....  0نجمعه مع نظيره الجمعي بيعطيني 

1-if u and v are objects in V then u + v is V 

2-if k is any scalar and u is any object in V then k u is in V.  

 

 :  Row Spaceلى ال مثال ع

 

على الصف شتغل ا

الأول لأنه المطلوب 

 بالسؤال

المصفوفه غير مربعه اخذ فقط الجزء المربع منها  واسوي 

اسوي مثلث صفري بالأسفل )   row echlone formلها 

 جهة اليسار وقطرها واحدات (
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 : Linear dependentال شروط 

 

 

 اذا ماتوفرت هالشروط راح تكون

Linear independent 

 0 يساوي  Linear independentاما ناتج ال  0 لايساوي Linear dependentأن ناتج ال نلاحظ 

 

 : EMSمقتبس من ملخص  Linear dependentمثال على ال 

Determine whether the vectors the set    is L.I or L.D ? 

Solution     الحل  

 

3 

1 

2 

  0اللي يحتوي على اكثر من عنصر ومن ضمنها رقم   vectorال 

 لعدد آخر   scalarيوجد فيها 
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Span : 

Subset of vectors space V that is formed from all possible linear combinations of the vectors in a 

nonempty set S is called Span of S. 

Transformation maps denote 𝒇 ∶ 𝑽 → 𝑾 

Special case where V = W called operator 

 :   Spanمثال على ال 

 

بدل الصف الأول بالثاني عشان 

 يكون الأول و نتبع طريقة 1الرقم 

row echlon form  

اكتب الناتج على 

   systemشكل 

بيكون على الطرف الأيسر واكتب باقي المعادله على   leading 1نكتب المعادله مره ثانيه ال 

 ولايوجد له معادله نكتب قدامه هالجمله   lreadingواللي يكون الطرف الأيمن 

 هذي الأصفار لازم نكتبها 
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Vector Basis : 

  شروطها:

1-Lineary independent. 

2-Span. 

 

 مثال :

 

نحول الطرف الايسر والأيمن 

   vector matrixالى 
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Orthogonal : 

 شروطها :

Perpendicular 

u . v = 0 

orthogonal set of unit vector is called an orthogonal set 

Basis : Orthogonal 

 قانونها :

 

√𝒖𝟏
𝟐 + 𝒖𝟐

𝟐 + 𝒖𝟑
𝟐…… .+𝒖𝒏

𝟐   ‖𝒖‖ 

𝐝 (𝐮, 𝐯) = √(𝒖𝟏 − 𝒗𝟏)
𝟐 + (𝒖𝟐 − 𝒗𝟐)

𝟐 +⋯+ (𝒖𝒏 − 𝒗𝒏)
𝟐  

 

Orthogonal Matrices : 

 

Properties of Orthogonal Matrices : 

 

 

  

1 

2 

 ممكن تجي بهذي الطريقه :

If A and B are Orthogonal 

matrices of the same size 



Haifa al-dobian  1348 / 2017 Linear Algebra math 251 From week 1 to 14  ملخص 

SEU1.ORG  32 
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Orthogonal Diagonalization : 

Similar to : 

𝑷𝑻𝑨𝑷 = 𝑩 

A is Orthogonal diagonalizable and Orthogonal set of n eigenvectors and Symmetric 

 

 مثال :

 

 : orthogonal مثال على

  :السؤال

Determine whether the vectors in each pair 

are perpendicular  

 

u = (3, 5) and v = (2, −8) 

u = (2, 1) and v = (−1, 2) ?? 

 الجواب : 

u · v = (3)(2) + (5)(−8) = 6 − 40 = −34 ≠ 0  

so u and v are not perpendicular. 

u · v = (2)(−1) + (1)(2) = −2 + 2 = 0 

so u and v are perpendicular 

 



Haifa al-dobian  1348 / 2017 Linear Algebra math 251 From week 1 to 14  ملخص 

SEU1.ORG  34 

Dimension : 

 

 

 : Dimension لا مثال على 

 

 

 

 

 

 

 

coefficient of the linear combination expressed in the form : 

𝒘 = 𝒌𝟏𝒗𝟏 + 𝒌𝟐𝒗𝟐 +⋯+ 𝒌𝒏𝒗𝒏  

 

 

 

t = [ -2 , 1 , 3 ] 

s = [1, 1, 0 ] 
a = [ 0 , 1 , 0 , 1 ] 

b = [ 0 , -1 , 1 , 2 ] 

c = [ 2 , 6 , -3 , 0 ] 

   vector pace 2عطاني 

  Dimension  2معناها 

   vector pace 3 عطاني

 Dimension  3معناها 

 مهم



Haifa al-dobian  1348 / 2017 Linear Algebra math 251 From week 1 to 14  ملخص 

SEU1.ORG  35 
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( Rank < variables > ) dimension of the row space and column space of matrix. 

( Nullity < parameters > ) dimension of the null space of A. 

Rank (A) + nullity (A) = n 

 

 

 او ال  rankومطلوب نطلع ال  5 × 6حجمها   matrix) غالبا تجي خيارات ويكون السؤال عليها  :  Rankمثال على ال 

nullity   فقط اطرح عدد الأعمده من المعطى بالسؤال سواء  rank  اوnullity  ) 

 مثال :

 

 

Image, Kernel and Range : 

Image of any vector 𝒗 𝒊𝒏 𝑽 expressed as : 

𝑻(𝒗) =  𝒄𝟏𝑻(𝒗𝟏) + 𝒄𝟐𝑻(𝒗𝟐) + ⋯+ 𝒄𝒏𝑻(𝒗𝒏) 
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somorphism : 
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Chapter - 8   

Linear Transformations   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   نقول   أنها   تحويل   خطي   إذا   تحقق   الشرطين   متى  

     المجال

   المجال   المقابل
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 مثال : 
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General Linear Transformations : 

In special case where 𝒗 = 𝒘 , Then linear transformation 𝑻 is called linear operator on vector space 𝑽 

 

 مثال :

 

  

Compositions Transformations : 
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LU-Decompositions : 

 



Haifa al-dobian  1348 / 2017 Linear Algebra math 251 From week 1 to 14  ملخص 

SEU1.ORG  42 

 

 مثال :
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Example 1: 
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Example 2: 

 

 

 

Example 3: 
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Example 4: 
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Singular Value Decomposition 

 

 

 

 

 مثال :
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Eigenvalues and Eigenvectors :  

n × n 

𝐀𝐱 =  𝐱ג 

 

 

 :  Eigenvalues and Eigenvectorsمثال على ال 

 

 

 مهم جدا

 

Matrix  ربعه م

 2 × 2حجمها 

المقصود فيه  iحرف ال 

مصفوفة الوحده وتكون نفس 

 بالسؤال    matrixحجم ال 

1 0
0 1

 

لندا عباره عن حرف 

اغريقي وتعني رقم ثابت 

 scalarال  لمث

  نوجد هالقانون اول خطوه

اسمها 

characteristic 

polynomial 

has nontrivial solution 

 

Characteristic Equation: 

n × n 

𝒅𝒆𝒕(ג𝑰 − 𝑨) =  𝟎  
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Positive Dominant Eigenvalue, λ : 

 

 

 

 

 

 Eigenvaluesهذا 

  Eigenvectorsهذا 

 systemونطلع ال   lampdaنعوض بال 
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The Power Method  :  

 normalized power squence : 

𝒙𝟎 , 𝒙𝟏 =
𝑨𝒙𝟎 

‖𝑨𝒙𝟎‖
 , 𝒙𝟐 =

𝑨𝒙𝟏 

‖𝑨𝒙𝟏‖
 , … . 𝒙𝒌 =

𝑨𝒙𝒌−𝟏 

‖𝑨𝒙𝒌−𝟏‖
 

 

 مثال :
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Diagonalization: 

𝑩 =  𝑷−𝟏 𝑨𝑷 

 ملاحظه :

 diagonalizable matrix P is side to diagonalize Aال 

 : propertyال 

Same determinant - Same Invertibility - Same Rank - Same Nullity -    Same Trace - Same 

characteristic polynomial - Same Eigenvalues -  Same Eigenspace dimension. 

 

 : Diagonalizationمثال على 

 

Complex Vector Spaces : 

 𝒛 = 𝒂 + 𝒃𝒊  

�̅� = 𝒂 − 𝒃𝒊 

𝒛�̅� = 𝒂𝟐 − 𝒃𝟐 = |𝒛|𝟐 

 

 عباره عن عدد تخيلي 

 معناها رقم تخيلي ورقم حقيقي  complex numberال 

Called complex conjugate 
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Properties of the Complex Conjugate : 
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 مثال :

Find the complex conjugate : 

𝟓 + 𝟑𝒊 

Answer: 

𝟓 − 𝟑𝒊 

 

 : complex numberمثال على 

 مثال على الجمع :

(𝟑 − 𝟓𝒊) + (𝟔 − 𝟕𝒊) 

(𝟑 − 𝟓𝒊) + (𝟔 − 𝟕𝒊) =  (𝟑 + 𝟔) + (−𝟓 + 𝟕)𝒊 = 𝟗 + 𝟐𝒊 

 مثال على الطرح :

(𝟑 − 𝟓𝒊) − (𝟔 − 𝟕𝒊) 

(𝟑 − 𝟓𝒊) − (𝟔 − 𝟕𝒊) =  (𝟑 − 𝟔) + (−𝟓 − 𝟕)𝒊 = −𝟑 − 𝟏𝟐𝒊 

 مثال على الضرب :

(𝟐 − 𝒊)(𝟑 + 𝟒𝒊) 

(𝟐 − 𝒊)(𝟑 + 𝟒𝒊) = (𝟐)(𝟑) + (𝟐)(𝟒𝒊) + (−𝒊)(𝟑) + (−𝒊)(𝟒𝒊) 

= 𝟔 + 𝟖𝒊 − 𝟑𝒊 − 𝟒𝒊𝟐 = 𝟔 + 𝟓𝒊 − 𝟒(−𝟏) 

= 𝟔 + 𝟓𝒊 + 𝟒 = 𝟏𝟎 + 𝟓𝒊 

𝟑

𝟐𝒊
=

𝟑

𝟐𝒊
 •  

𝒊

𝒊
=  

𝟑𝒊

𝟐𝒊𝟐
=

𝟑𝒊

𝟐(−𝟏)
=

𝟑𝒊

−𝟐
=
𝟑𝒊

𝟐
=
𝟑

𝟐
𝒊 

𝟏

𝟒 + 𝟐𝒊
=

𝟏

𝟒 + 𝟐𝒊
 •  

𝟒 − 𝟐𝒊

 𝟒 − 𝟐𝒊
=

𝟒 − 𝟐𝒊

𝟏𝟔 + 𝟒
=

𝟒

𝟐𝟎
−

𝟐

𝟐𝟎
𝒊 =

𝟐

𝟏𝟎
−

𝟏

𝟏𝟎
𝒊 

 

 مثال :

 

 فقط نغير إشارة الحد التخيلي
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Hermitian Matrices : 

 

  

 

 مثال :

 

 

 

 

 

Quadratic Forms : 

 

 

 

 

   real numbers لازم يكون قطرها 

 ام متناظره وحولها الأرق
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 مثال :

 

 

 

 

 

 

 

 

 

 مثال :

Solving Quadratic equations by factoring : 

 

 

𝒙𝟐 + 𝟗𝒙 + 𝟏𝟒 = (𝒙 + 𝟕)(𝒙 + 𝟐) 

𝟕 • 𝟐 = 𝟏𝟒  

𝟕 + 𝟐 = 𝟗 

 

 

 

𝒙𝟐 − 𝟗𝒙 + 𝟏𝟒 = (𝒙 − 𝟕)(𝒙 − 𝟐) 

(−𝟕) • (−𝟐) = 𝟏𝟒  

(−𝟕) + (−𝟐) = − 𝟗 

 

 

 

 Systemمن هذي ال   matrixالسؤال عليها أوجد ال 

2 × 2 هذي معادله  

3 × 3 هذي معادله  

  main diagonalف ال   system 3 × 3اذا كانت ال 

 او قطرها هو معاملات التربيع

ونوزعهم حول القطر  2وباقي المعاملات نقسمهم على 

 بشكل متناظر  

أمثله 4  

1 

2 
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𝒙𝟐 + 𝟓𝒙 − 𝟏𝟒 = (𝒙 + 𝟕)(𝒙 − 𝟐) 

𝟕 • (−𝟐) = − 𝟏𝟒  

𝟕 + (−𝟐) = +𝟓 

 

 

 

 

𝒙𝟐 − 𝟓𝒙 − 𝟏𝟒 = (𝒙 − 𝟕)(𝒙 + 𝟐) 

(−𝟕) • 𝟐 = − 𝟏𝟒  

(−𝟕) + 𝟐 = − 𝟓 

3 

4 
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Unitary Matrices : 

 

 

 

 

 

 



Haifa al-dobian  1348 / 2017 Linear Algebra math 251 From week 1 to 14  ملخص 

SEU1.ORG  62 

Find the maximum values of 𝑷 = 𝟑𝒙 + 𝟐𝒚 subject to  

 𝒙 +  𝟒𝒚 ≤  𝟐𝟎  

 𝟐𝒙 +  𝟑𝒚 ≤  𝟑𝟎  

𝒙 ≥ 𝟎, 𝒚 ≥  𝟎 

 

Solution: 

1. Graph the feasible region. 

 A- Start with the line 𝒙 + 𝟒𝒚 = 𝟐𝟎.  

i- Find the intercepts by letting 𝒙 = 𝟎 and 𝒚 = 𝟎 : (𝟎, 𝟓) and (𝟐𝟎, 𝟎). 

ii- Test the origin: (𝟎)  +  𝟒(𝟎)  ≤  𝟐𝟎 . This is true, so we keep the half-plane containing the origin. 

 B- Now the line 𝟐𝒙 + 𝟑𝒚 = 𝟑𝟎.  

i- Find the intercepts (𝟎, 𝟏𝟎) and (𝟏𝟓, 𝟎). 

ii- Test the origin 𝟐(𝟎) + 𝟑(𝟎)  ≤ 𝟑𝟎 it is true.  

 

2. Find the corner points.  

We find (0,0) is one corner. 
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Also, (0,5) is the corner from the y-intercept of the first equation. 

The corner (15,0) is from the second equation. 

We can find the fourth corner which is the intersection of the two lines using intersect on the calculator or 

solving the two equations: 

𝒙 +  𝟒𝒚 =  𝟐𝟎  

 𝟐𝒙 +  𝟑𝒚 =  𝟑𝟎  

by elimination, we get (𝒙, 𝒚) = (𝟏𝟐, 𝟐). 

3. Evaluate the objective function at each vertex. 

Put the vertices into a table: 

Point 𝑷 = 𝟑𝒙 + 𝟐𝒚 

(0, 0) 0 Min  

(0, 5) 10 

(15, 0) 45 Max 

(12, 2) 40 
 

4. The region is bounded; therefore a max and a min exist. The minimum is at the point (0,0) with a value of 

P=0 . The maximum is at the point (15,0) and the value is P=45. 
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   :   الرابع   الواجب   شرح

     الثاني :  السؤال

  

  

  

  

  

  

  

  

  

  

ker(T)=0     نوجد   
   متساويتين   المعادلتين

 ونعوض   فيها بأحد       المعادلتين أحد   نأخذ  
   في   الخيارات النقاط   التي  

W   

        Ker(T)   

   V         المجال  

                                            Rang e ( T )   

  

   المجال   المقابل        

 بشرط   أن     الأخرى   بالقيم   نقارنها ثم في     المجموعة     مطلقة   قيمة   نأخذ اكبر  

   الذاتية القيم     في   ة متكرر   غير القيمة   المطلقة  

   B   هي     قيمة مطلقة   اكبر         ت  الا       5 −   مكرره وغير    
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قاطالن   المحددة     بين   هي   المنطقة   المحصورة  بها المسموح   لمجموعات     من   كل ا     وتمثل 

       . متغيرات
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Consider the basis , where   and  and let 

 be the linear operator for which   

 Find a formula for  and use it to find  .  

Solution :   
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. Find the singular values of .  

Solution:  
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By : Atheel                                 Exercises Chapter (6) – week (10) 

Find least squares solution ? 

 System  المعطى  

 

 

 

 

𝑥1 − 𝑥2 = 4 

3𝑥1 + 2𝑥2 = 1 

−2𝑥1 + 4𝑥2 = 3 
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Hessah Aldayel- SEU-MATH251  

Chapter 1 (systems of liner)  

False Exercises-True 

 (1) 𝑨 linear system whose equations are all homogeneous must be consistent. True   

(2) Multiplying a linear equation through by zero is an acceptable elementary row operation. False   

(3) The linear system 

 𝒙 − 𝒚 = 𝟑  

𝟐𝒙 − 𝟐𝒚 = 𝒌 

 cannot have a unique solution, regardless of the value of k. True   

(4) 𝑨 single linear equation with two or more unknowns must always have infinitely many solutions. 

True   

(5) If the number of equations in a linear system exceeds the number of unknowns, then the system 

must be inconsistent. False   

(6) If each equation in a consistent linear system is multiplied through by a constant 𝒄, then all 

solutions to the new system can be obtained by multiplying solutions from the original system by 𝒄. 

False   

(7) Elementary row operations permit one equation in a linear system to be subtracted from another.  

True   

(8) The linear system with corresponding augmented matrix is consistent.  False  

(9) If a matrix is in reduced row echelon form, then it is also in row echelon form. True  

(10) If an elementary row operation is applied to a matrix that is in row echelon form, the resulting 

matrix will still be in row echelon form. False   

(11) Every matrix has a unique row echelon form. False   

(12) 𝑨 homogeneous linear system in 𝒏 unknowns whose corresponding augmented matrix has a 

reduced row echelon form with 𝒓 leading 1's has 𝒏 −  𝒓 free variables. True   

(13) All leading 1's in a matrix in row echelon form must occur in different columns.  True   

(14) If every column of a matrix in row echelon form has a leading 1 then all entries that are not 

leading 1's are zero.  False   

(15) If a homogeneous linear system of 𝒏 equations in 𝒏 unknowns has a corresponding augmented 

matrix with a reduced row echelon form containing 𝒏 leading 1's, then the linear system has only the 

trivial solution. True   

(16) If the reduced row echelon form of the augmented matrix for a linear system has a row of zeros, 

then the system must have infinitely many solutions. False   
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(17) If a linear system has more unknowns than equations, then it must have infinitely many 

solutions.  False 

 (18) The matrix  
𝟏 𝟐 𝟑
𝟒 𝟓 𝟔

  has no main diagonal.  True  

(19) An 𝒎 𝒙 𝒏  matrix has m column vectors and 𝒏 row vectors. False  

 (20) If 𝑨 and 𝑩 𝟐𝑿𝟐 are matrices, then 𝑨𝑩 = 𝑩𝑨 .  False    

(21) The 𝒊𝒕𝒉 row vector of a matrix product 𝑨𝑩 can be computed by multiplying 𝑨 by the 𝒊𝒕𝒉 row 

vector of B. False 

 (22) For every matrix 𝑨, it is true that (𝑨𝑻)
𝑻
= 𝑨 .  True  

(23) If A and B are square matrices of the same order, then 𝒕𝒓(𝑨𝑩) = 𝒕𝒓(𝑨)𝒕𝒓(𝑩) .  False  

(24) If 𝑨 and 𝑩 are square matrices of the same order, then (𝑨𝑩)𝑻 = 𝑨𝑻𝑩𝑻 .  False  

(25) For every square matrix A, it is true that 𝒕𝒓(𝑨𝑻) = 𝒕𝒓(𝑨) . True  

(26) If 𝑨 is a 𝟔𝑿𝟒  matrix and 𝑩 is an 𝒎 𝒙 𝒏  matrix such that 𝑩𝑻𝑨𝑻 is 𝟐𝑿𝟔  a matrix, then 𝒎 = 𝟒 and 

𝒏 = 𝟐  

True  

(27) If 𝑨 is an  𝒏 𝒙 𝒏 matrix and 𝒄 is a scalar, then 𝒕𝒓(𝒄𝑨) =  𝒄 𝒕𝒓 (𝑨) . True  

(28) If 𝑨,𝑩, and 𝑪 are matrices of the same size such that 𝑨 − 𝑪 = 𝑩− 𝑪 , then 𝑨 = 𝑩.  True  

(29) If 𝑨, 𝑩, and 𝑪 are square matrices of the same order such that 𝑨𝑪 = 𝑩𝑪 , then 𝑨 = 𝑩 . False  

(30) If 𝑨𝑩+ 𝑩𝑨 is defined, then 𝑨 and 𝑩 are square matrices of the same size. True  

(31) If 𝑩 has a column of zeros, then so does 𝑨𝑩 if this product is defined. True  

(32) If 𝑩 has a column of zeros, then so does 𝑩𝑨 if this product is defined. False  

(33) Two 𝒏 𝒙 𝒏  matrices, 𝑨 and 𝑩, are inverses of one another if and only if 𝑨𝑩 = 𝑩𝑨 = 𝟎  False  

(34) For all square matrices 𝑨 and 𝑩 of the same size, it is true that (𝑨 + 𝑩)𝟐 = 𝑨𝟐 + 𝟐𝑨𝑩+ 𝑩𝟐 .  

False  

(35) For all square matrices 𝑨 and 𝑩 of the same size, it is true that 𝑨𝟐 −𝑩𝟐 = (𝑨 − 𝑩)(𝑨 + 𝑩).  False  

(36) If 𝑨 and 𝑩 are invertible matrices of the same size, then 𝑨𝑩 is invertible and  (𝑨𝑩)−𝟏 = 𝑨−𝟏𝑩−𝟏 

False  

(37) If 𝑨 and 𝑩 are matrices such that 𝑨𝑩 is defined, then it is true that (𝑨𝑩)𝑻 = 𝑨𝑻𝑩𝑻. False  
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(38) The matrix 

 𝑨 =
𝒂 𝒃
𝒄 𝒅

       

is invertible if and only if 𝒂𝒅 − 𝒃𝒄 ≠  𝟎 . True  

(39) If 𝑨 and 𝑩 are matrices of the same size and 𝒌 is a constant, then (𝒌𝑨 + 𝑩)𝑻 = 𝒌𝑨𝑻 +𝑩𝑻 . True  

(40) If 𝑨 is an invertible matrix, then so is 𝑨𝑻 .True  

(41) If 𝒑(𝒙) = 𝒂𝟎 + 𝒂𝟏𝒙 + 𝒂𝟐𝒙
𝟐 +⋯ .+𝒂𝒎 𝒙

𝒎  and 𝑰 is an identity matrix, then 𝒑(𝑰) = 𝒂𝟎 + 𝒂𝟏 +

𝒂𝟐 +⋯ . . 𝒂𝒎    False  

(42) 𝑨 square matrix containing a row or column of zeros cannot be invertible. True  

 (43) The sum of two invertible matrices of the same size must be invertible.  False  

(44) The product of two elementary matrices of the same size must be an elementary matrix. False   

(45) Every elementary matrix is invertible. True   

(46) If 𝑨 and 𝑩 are row equivalent, and if 𝑩 and 𝑪 are row equivalent, then 𝑨 and 𝑪 are row 

equivalent.  True   

(47) If 𝑨 is an 𝒏 𝒙 𝒏 matrix that is not invertible, then the linear system 𝑨𝒙 = 𝟎  has infinitely many 

solutions. True  

(48) If 𝑨 is an 𝒏 𝒙 𝒏 matrix that is not invertible, then the matrix obtained by interchanging two rows 

of 𝑨 cannot be invertible. True  

(49) If 𝑨 is invertible and a multiple of the first row of 𝑨 is added to the second row, then the resulting 

matrix is invertible. True   

(50) An expression of the invertible matrix 𝑨 as a product of elementary matrices is unique.  False  

(51) It is impossible for a linear system of linear equations to have exactly two solutions. True 

 (52) If the linear system has a unique solution, then the linear system also must have a unique 

solution. True    

 (53) If 𝑨 and 𝑩 are 𝒏 𝒙 𝒏 matrices such that 𝑨𝑩 = 𝑰 , then 𝑩𝑨 = 𝑰 𝒏True 

(54) If 𝑨 and 𝑩 are row equivalent matrices, then the linear systems 𝑨𝒙 = 𝟎  and 𝑩𝒙 = 𝟎 have the 

same solution set. True  

(55) If 𝑨 is an 𝒏 𝒙 𝒏  matrix and 𝑺 is an  𝒏 𝒙 𝒏 invertible matrix, then if 𝒙 is a solution to the linear 

system (𝑺−𝟏𝑨𝑺)𝒙 = 𝒃 , then 𝑺𝒙 is a solution to the linear system 𝑨𝒚 = 𝑺𝒃 .  True  

(56) Let 𝑨 be an 𝒏 𝒙 𝒏  matrix. The linear system 𝑨𝒙 = 𝟒𝒙  has a unique solution if and only if 

 𝑨 − 𝟒 𝟏is an invertible matrix. True  

(57) Let 𝑨 and 𝑩 be 𝒏 𝒙 𝒏  matrices. If 𝑨 or 𝑩 (or both) are not invertible, then neither is 𝑨𝑩. True  
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(58) The transpose of a diagonal matrix is a diagonal matrix.  True   

(59) The transpose of an upper triangular matrix is an upper triangular matrix. False   

(60) The sum of an upper triangular matrix and a lower triangular matrix is a diagonal matrix. False   

(61) All entries of a symmetric matrix are determined by the entries occurring on and above the main 

diagonal.  True   

(62) All entries of an upper triangular matrix are determined by the entries occurring on and above 

the main diagonal. True  

(63) The inverse of an invertible lower triangular matrix is an upper triangular matrix. False    

(64) 𝑨 diagonal matrix is invertible if and only if all of its diagonal entries are positive.  False   

(65) The sum of a diagonal matrix and a lower triangular matrix is a lower triangular matrix. True   

(66) 𝑨 matrix that is both symmetric and upper triangular must be a diagonal matrix. True   

(67) If 𝑨 and 𝑩 are 𝒏 𝒙 𝒏  matrices such that 𝑨 + 𝑩 is symmetric, then 𝑨 and 𝑩 are symmetric. False  

(68) If 𝑨 and 𝑩 are n x n  matrices such that 𝑨 +  𝑩  is upper triangular, then 𝑨 and 𝑩 are upper 

triangular.  False  

(69) If 𝑨𝟐 is a symmetric matrix, then 𝑨 is a symmetric matrix.  False   

(70) If 𝒌𝑨 is a symmetric matrix for some 𝒌 ≠  𝟎 , then 𝑨 is a symmetric matrix. True    

(71) The determinant of the 𝟐𝑿𝟐  
𝒂 𝒃
𝒄 𝒅

  matrix is 𝒂𝒅 + 𝒃𝒄  False   

(72) Two square matrices 𝑨 and 𝑩 can have the same determinant only if they are the same size.  

False     

(73) The minor 𝑴𝒊𝒋  is the same as the cofactor  𝑪𝒊𝒋 if and only if 𝒊 + 𝒋  is even. True  

(74) If 𝑨 is a 𝟑𝑿𝟑 symmetric matrix, then 𝑪𝒊𝒋 = 𝑪𝒊𝒋 for all 𝒊 and 𝒋. True  

(75) The value of a cofactor expansion of a matrix 𝑨 is independent of the row or column chosen for 

the expansion.True   

(76) The determinant of a lower triangular matrix is the sum of the entries along its main diagonal. 

False   

(77) For every square matrix 𝑨 and every scalar 𝒄, we have 𝒅𝒆𝒕(𝒄𝑨)  =  𝒄 𝒅𝒆𝒕(𝑨).  False  

(78) For all square matrices 𝑨 and 𝑩, we have 𝒅𝒆𝒕(𝑨 + 𝑩) = 𝒄 𝒅𝒆𝒕 (𝑩) .  False  

(79) For every 𝟐𝑿𝟐  matrix 𝑨, we have 𝒅𝒆𝒕(𝑨𝟐) = (𝒅𝒆𝒕(𝑨))𝟐 .  True  

(80) If 𝑨 is a 𝟒 𝒙 𝟒 matrix and 𝑩 is obtained from 𝑨 by interchanging the first two rows and then 

interchanging the last two rows, then 𝒅𝒆𝒕(𝑩) = 𝒅𝒆𝒕(𝑨) . True  



Haifa al-dobian  1348 / 2017 Linear Algebra math 251 From week 1 to 14  ملخص 

SEU1.ORG  80 

(81) If A is a 𝟑𝒙𝟑  matrix and B is obtained from 𝑨 by multiplying the first column by 4 and multiplying 

the third column by  
𝟑

𝟒
  , then  𝒅𝒆𝒕(𝑩) = 𝟑𝒅𝒆𝒕(𝑨). True  

(82) If A is a 𝟑𝒙𝟑  matrix and 𝑩 is obtained from 𝑨 by adding 5 times the first row to each of the 

second and third rows, then  𝒅𝒆𝒕(𝑩) = 𝟐𝟓𝒅𝒆𝒕(𝑨) .  False  

(83) If 𝑨 is an 𝒏 𝒙 𝒙 matrix and 𝑩 is obtained from A by multiplying each row of 𝑨 by its row number, 

then 𝒅𝒆𝒕(𝑩) =
𝒏(𝒏+𝟏)  

𝟐
𝒅𝒆𝒕 (𝑨)  False  

(84) If 𝑨 is a square matrix with two identical columns, then 𝒅𝒆𝒕(𝑨) = 𝟎 . True  

(85) If the sum of the second and fourth row vectors of a 𝟔𝒙𝟔  matrix 𝑨 is equal to the last row vector, 

then 𝒅𝒆𝒕(𝑨) = 𝟎 .  True  

(86) If 𝑨 is a 𝟑𝒙𝟑  matrix, then 𝒅𝒆𝒕 (𝟐𝑨) = 𝟐 𝒅𝒆𝒕 (𝑨) .False  

(87) If 𝑨 and 𝑩 are square matrices of the same size such that 𝒅𝒆𝒕(𝑨) = 𝒅𝒆𝒕(𝑩) ,  then  

𝒅𝒆𝒕 (𝑨 + 𝑩) = 𝟐𝒅𝒆𝒕(𝑨)  .False  

(88) If 𝑨 and 𝑩 are square matrices of the same size and 𝑨 is invertible,  then 𝒅𝒆𝒕(𝑨−𝟏𝑩𝑨 )  =

 𝒅𝒆𝒕(𝑩)  True  

(89) 𝑨 square matrix 𝑨 is invertible if and only if 𝒅𝒆𝒕(𝑨) = 𝟎 .  False  

(90) The matrix of cofactors of 𝑨 is precisely [𝒂𝒅𝒋(𝑨)] 𝑻 True  

(91) For every 𝒏 𝒙 𝒏  matrix 𝑨, we have 𝑨 . 𝒂𝒅𝒋(𝑨) = (𝒅𝒆𝒕 (𝑨))𝑰𝒏 True  

(92) If 𝑨 is a square matrix and the linear system 𝑨𝒙 = 𝟎 has multiple solutions for 𝒙,  Then 

 𝒅𝒆𝒕(𝑨) = 𝟎 .True  

(93) If 𝑨 is an 𝒏 𝒙 𝒏 matrix and there exists an 𝒏 𝒙 𝟏 matrix 𝒃 such that the linear system 𝑨𝒙 = 𝒃 has 

no solutions, then the reduced row echelon form of 𝑨 cannot be 𝑰𝒏. True  

(94) If 𝑬 is an elementary matrix, then 𝑬𝒙 = 𝟎 has only the trivial solution. True    

(95) If 𝑨 is an invertible matrix, then the linear system 𝑨𝒙 = 𝟎 has only the trivial solution if and only 

if the linear system   𝑨−𝟏𝒙 = 𝟎  has only the trivial solution. True  

(96) If A is invertible, then 𝒂𝒅𝒋(𝑨) must also be invertible.  True  

(97) If 𝑨 has a row of zeros, then so does 𝒂𝒅𝒋(𝑨) .  False        

(98) Two equivalent vectors must have the same initial point.  False   

(99) The vectors (𝒂 , 𝒃) and (𝒂, 𝒃, 𝟎) are equivalent. False  

(100) If 𝒌 is a scalar and 𝒗 is a vector, then 𝒗 and 𝒌𝒗 are parallel if and only if 𝒌 ≥  𝟎. False  

(101) The vectors 𝒗 + (𝒖 + 𝒘) and (𝒘 + 𝒗) + 𝒖 are the same. True  

(102) If 𝒖 + 𝒗 =  𝒖 + 𝒘  , then 𝒗 = 𝒘 .  True  
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(103) If 𝒂 and 𝒃 are scalars such that 𝒂𝒖 +  𝒃𝒗 = 𝟎 , then 𝒖 and 𝒗 are parallel vectors.  False  

(104) Collinear vectors with the same length are equal.  False    

(105) If (𝒂, 𝒃, 𝒄)  + (𝒙, 𝒚, 𝒛)  = (𝒙, 𝒚, 𝒛) , then (𝒂, 𝒃, 𝒄) must be the zero vector. True  

(106) If 𝒌 and m are scalars and 𝒖 and 𝒗 are vectors, then (𝒌 +𝒎)(𝒖 + 𝒗) = 𝒌𝒖 +𝒎𝒗 False  

(107) If the vectors 𝒗 and 𝒘 are given, then the vector equation 𝟑(𝟐𝒗 − 𝒙) = 𝟓𝒙 − 𝟒𝒘 + 𝒗 can be 

solved for 𝒙. True  

(108) The linear combinations 𝒂𝟏𝒗𝟏 + 𝒂𝟐𝒗𝟐and 𝒃𝟏𝒗𝟏 + 𝒃𝟐𝒗𝟐 can only be equal if 𝒂𝟏 = 𝒃𝟏  and 

 𝒂𝟐 = 𝒃𝟐 . False  

(109) If each component of a vector in 𝑹𝟑 is doubled, the norm of that vector is doubled. True  

(110) In 𝑹𝟐 , the vectors of norm 𝟓 whose initial points are at the origin have terminal points lying on 

a circle of radius 𝟓 centered at the origin. True  

(111) Every vector in 𝑹𝒏 has a positive norm. False  

(112) If 𝒗 is a nonzero vector in 𝑹𝒏  , there are exactly two unit vectors that are parallel to  𝒗. True  

(113) If ||𝒖|| = 𝟐 , ||𝒗|| = 𝟏 , and  𝒖 . 𝒗 = 𝟏 , then the angle between 𝒖 and 𝒗 is 𝝅/𝟑 radians. True  

(114) The expressions (𝒖 . 𝒗)  + 𝒘  and  𝒖 . (𝒗 + 𝒘) are both meaningful and equal to each other.  

False  

(115) If 𝒖 . 𝒗 = 𝒖 .𝒘  , then 𝒗 = 𝒘 . False    

(116) If  𝒖 . 𝒗 = 𝟎 , then either 𝒖 = 𝟎  or 𝒗 = 𝟎 . False  

(117) In 𝑹𝟐  , if 𝒖 lies in the first quadrant and 𝒗 lies in the third quadrant, then 𝒖 . 𝒗 cannot be 

positive. True  

(118) For all vectors 𝒖, 𝒗, and w in 𝑹𝒏, we have ||𝒖 + 𝒗 + 𝒘|| ≤  ||𝒖||  +  ||𝒗||  + ||𝒘||  True  

(119) The vectors (𝟑, −𝟏, 𝟐)  and  (𝟎, 𝟎, 𝟎) are orthogonal.  True   

(120) If 𝒖 and 𝒗 are orthogonal vectors, then for all nonzero scalars 𝒌 and 𝒎,𝒌𝒖  and 𝒎𝒗  are 

orthogonal vectors. True  

(121) The orthogonal projection of 𝒖 along 𝒂 is perpendicular to the vector component of 

𝒖 orthogonal to 𝒂 True   

(122) If 𝒂 and 𝒃 are orthogonal vectors, then for every nonzero vector 𝒖, we have  

 𝒑𝒓𝒐𝒋𝒂(𝒑𝒓𝒐𝒋𝒉(𝒖) = 𝟎  True  

 (123) If 𝒂 and 𝒖 nonzero vectors , then 𝒑𝒓𝒐𝒋𝒂(𝒑𝒓𝒐𝒋𝒂(𝒖)) = 𝒑𝒓𝒐𝒋𝒂(𝒖) .True 

(124) the relationship holds for some nonzero vector a, then 𝒖 = 𝒗 . False  

(125) For all vectors 𝒖 and 𝒗, it is true that ||𝒖 +  𝒗||  =  ||𝒖||  +  ||𝒗|| False  
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(126) The vector equation of a line can be determined from any point lying on the line and a nonzero 

vector parallel to the line. True    

(127) The vector equation of a plane can be determined from any point lying in the plane and a 

nonzero vector parallel to the plane.  False  

(128) The points lying on a line through the origin in 𝑹𝟐𝑹𝟑 or R3 are all scalar multiples of any nonzero 

vector on the line. True  

(129) All solution vectors of the linear system 𝑨𝒙 = 𝒃 are orthogonal to the row vectors of the matrix 

𝑨 if and only if 𝒃 = 𝟎 . True    

(130) The general solution of the nonhomogeneous linear system 𝑨𝒙 = 𝒃  can be obtained by adding 

𝒃 to the general solution of the homogeneous linear system 𝑨𝒙 = 𝟎 . False  

(131) If 𝒙𝟏 and 𝒙𝟐are two solutions of the nonhomogeneous linear system 𝑨𝒙 = 𝒃 , then 𝒙𝟏 − 𝒙𝟐is a 

solution of the corresponding homogeneous linear system.  True  

(132) The cross product of two nonzero vectors 𝒖 and 𝒗 is a nonzero vector if and only if 𝒖 and 𝒗 are 

not parallel.  True   

(133) 𝑨 normal vector to a plane can be obtained by taking the cross product of two nonzero and 

noncollinear vectors lying in the plane. True   

(134) The scalar triple product of 𝒖, 𝒗, and w determines a vector whose length is equal to the volume 

of the parallelepiped determined by 𝒖, 𝒗, and 𝒘. False  

(135) If 𝒖 and 𝒗 are vectors in 𝟑 − 𝒔𝒑𝒂𝒄𝒆, then ||𝒗 𝒙 𝒖||is equal to the area of the parallelogram 

determined by 𝒖 and 𝒗. True   

 (136) For all vectors 𝒖, 𝒗, and w in 𝟑 − 𝒔𝒑𝒂𝒄𝒆, the vectors ( 𝒖 𝒙 𝒗) 𝒙 𝒘 and 𝒖 𝒙 (𝒗 𝒙 𝒘) are the same.  

False  

(137) If 𝒖, 𝒗, and 𝒘 are vectors in 𝑹𝟑 , where 𝒖 is nonzero and 𝒖 𝒙 𝒗 = 𝒖 𝒙 𝒘 , then 𝒗 = 𝒘  . False    

 (138) 𝑨 vector is a directed line segment (an arrow).  False   

(139) 𝑨 vector is an 𝒏 − 𝒕𝒖𝒑𝒍𝒆 of real numbers.  False   

(140) 𝑨 vector is any element of a vector space.  True   

(141) There is a vector space consisting of exactly two distinct vectors. False   

(142) The set of polynomials with degree exactly 𝟏 is a vector space under the operations defined in 

Exercise 𝟏𝟐.  False  

(143) Every subspace of a vector space is itself a vector space. True   

(144) Every vector space is a subspace of itself. True   

(145) Every subset of a vector space 𝑽 that contains the zero vector in 𝑽 is a subspace of 𝑽.  False    

(146) The set 𝑹𝟏 is a subspace of 𝑹𝟑 False  
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(147) The solution set of a consistent linear system 𝑨𝒙 = 𝒃 of m equations in 𝒏 unknowns is a 

subspace of𝑹𝒏.  False  

(148) The span of any finite set of vectors in a vector space is closed under addition and scalar 

multiplication.True   

(149) The intersection of any two subspaces of a vector space 𝑽 is a subspace of 𝑽.  True   

(150) The union of any two subspaces of a vector space 𝑽 is a subspace of 𝑽. False   

(151) Two subsets of a vector space 𝑽 that span the same subspace of 𝑽 must be equal. False   

(152) The set of upper triangular 𝒏 𝒙 𝒏 matrices is a subspace of the vector space of all 𝒏 𝒙 𝒏 matrices. 

True   

(153) The polynomials 𝒙 −  𝟏 , (𝒙 −  𝟏)𝟐 , and (𝒙 −  𝟏) 𝟑span 𝑷𝟑 .  False   

(154) 𝑨 set containing a single vector is linearly independent.  False   

(155) The set of vectors {𝒗 , 𝒌𝒗 } is linearly dependent for every scalar 𝒌.  True   

(156) Every linearly dependent set contains the zero vector. False      

 (157) If the set of vectors {𝒗𝟏, 𝒗𝟐, 𝒗𝟑} is linearly independent, then is also linearly independent for 

every nonzero scalar 𝒌.  True   

(158) If 𝒗𝟏, … . . , 𝒗𝒏  are linearly dependent nonzero vectors, then at least one vector 𝒗𝒌  is a unique 

linear combination of 𝒗𝟏, …… , 𝒗𝒌−𝟏 True   

(159) The set of 𝟐𝒙𝟐  matrices that contain exactly two 𝟏's and two 𝟎's is a linearly independent set in 

𝑴𝟐𝟐 .  False   

(160) The three polynomials (𝒙 − 𝟏)(𝒙 + 𝟐) , (𝒙 + 𝟐) and 𝒙(𝒙 − 𝟏) are linearly independent. True   

(161) The functions  𝒇𝟏 and 𝒇𝟐 are linearly dependent if there is a real number 𝒙 so that              

  𝒌𝟏𝒇𝟏 (𝒙) + 𝒌𝟐𝒇𝟐 (𝒙) = 𝟎 for some scalars   𝒌𝟏 and  𝒌𝟐. False   

(162) If 𝑽 = 𝒔𝒑𝒂𝒏 {𝒗𝟏, … . , 𝒗𝒏} , then {𝒗𝟏, … . . , 𝒗𝒏} is a basis for 𝑽. False   

(163) Every linearly independent subset of a vector space 𝑽 is a basis for 𝑽.  False   

(164) If {𝒗𝟏, 𝒗𝟐, …… , 𝒗𝒏} is a basis for a vector space 𝑽, then every vector in 𝑽 can be expressed as a 

linear combination of 𝒗𝟏, 𝒗𝟐, …… , 𝒗𝒏 True   

(165) The coordinate vector of a vector 𝒙 in 𝑹𝒏 relative to the standard basis for 𝑹𝒏  is 𝒙.  True   

(166) Every basis of  𝑷 𝟒  contains at least one polynomial of degree 𝟑 or less. False   

(167) The zero vector space has dimension zero. True    

 (168) There is a set of 𝟏𝟕 linearly independent vectors in 𝑹𝟏𝟕 . True   

(169) There is a set of 𝟏𝟏 vectors that span 𝑹𝟏𝟕 . False   
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(170) Every linearly independent set of five vectors in 𝑹𝟓 is a basis for 𝑹𝟓.  True   

(171) Every set of five vectors that spans 𝑹𝟓 is a basis for 𝑹𝟓 . True   

(172) Every set of vectors that spans 𝑹𝒏 contains a basis for 𝑹𝒏.  True   

(173) Every linearly independent set of vectors in 𝑹𝒏 is contained in some basis for 𝑹𝒏 . True   

(174) There is a basis for 𝑴𝟐𝟐 consisting of invertible matrices.  True   

(175) If 𝑨 has size 𝒏 𝒙 𝒏 and In, 𝑨, 𝑨𝟐, … . , 𝑨𝒏𝟐 are distinct matrices, then {𝑰𝒏, 𝑨, 𝑨𝟐, … 𝑨𝒏𝟐}  is linearly 

dependent.  True    

(176) There are at least two distinct three-dimensional subspaces of 𝒑𝟐 . False   

(177) If 𝑩𝟏 and 𝑩𝟐 are bases for a vector space 𝑽, then there exists a transition matrix from 𝑩𝟏 to 𝑩𝟐 . 

True   

(178) Transition matrices are invertible. True   

(179) If 𝑩 is a basis for a vector space 𝑹𝒏, then 𝑷 𝑩 →  𝑩 is the identity matrix.  True  

 (180) If  𝑷𝑩𝟏→ 𝑩𝟐is a diagonal matrix, then each vector in is a scalar multiple of some vector in 𝑩𝟏 . 

True   

(181) If each vector in  𝑩𝟐 is a scalar multiple of some vector in 𝑩𝟏 , then 𝑷 𝑩𝟏 → 𝑩𝟐 is a diagonal 

matrix. False   

(182) If 𝑨 is a square matrix, then 𝑨 = 𝑷𝑩𝟏 → 𝑩𝟐 for some bases 𝑩𝟏 and𝑩𝟐 for 𝑹𝒏 . False   

(183) The span of 𝒗𝟏, … . , 𝒗𝒏  is the column space of the matrix whose column vectors are 𝒗𝟏, … . , 𝒗𝒏. 

True   

(184) The column space of a matrix 𝑨 is the set of solutions of 𝑨𝒙 = 𝒃 . False   

(185) If 𝑹 is the reduced row echelon form of 𝑨, then those column vectors of 𝑹 that contain the 

leading 𝟏′s form a basis for the column space of 𝑨. False   

(186) The set of nonzero row vectors of a matrix 𝑨 is a basis for the row space of 𝑨.  False   

(187) If 𝑨 and 𝑩 are  𝒏 𝒙 𝒏 matrices that have the same row space, then 𝑨 and 𝑩 have the same 

column space. False   

(188) If 𝑬 is an  𝒎 𝒙 𝒎 elementary matrix and 𝑨 is an 𝒎 𝒙 𝒏  matrix, then the null space of 𝑬 𝑨 is the 

same as the null space of 𝑨. True   

(189) If 𝑬 is an 𝒎 𝒙 𝒎  elementary matrix and 𝑨 is an 𝒎 𝒙 𝒏 matrix, then the row space of 𝑬 𝑨 is the 

same as the row space of 𝑨. True   

 (190) If 𝑬 is an 𝒎 𝒙 𝒎  elementary matrix and 𝑨 is an 𝒎 𝒙 𝒏 matrix, then the column space of 𝑬 𝑨 is 

the same as the column space of 𝑨.  False   

(191) The system 𝑨𝒙 = 𝒃  is inconsistent if and only if is not in the column space of 𝑨. True   
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(192) There is an invertible matrix 𝑨 and a singular matrix B such that the row spaces of 𝑨 and 𝑩 are 

the same. False   

(193) Either the row vectors or the column vectors of a square matrix are linearly independent. False   

(194) 𝑨 matrix with linearly independent row vectors and linearly independent column vectors is 

square. True   

(195) The nullity of a nonzero 𝒎 𝒙 𝒏 matrix is at most 𝒎. False   

(196) Adding one additional column to a matrix increases its rank by one. False   

(197) The nullity of a square matrix with linearly dependent rows is at least one. True   

(198) If 𝑨 is square and 𝑨𝒙 = 𝒃  is inconsistent for some vector , then the nullity of 𝑨 is zero.  False   

(199) If a matrix 𝑨 has more rows than columns, then the dimension of the row space is greater than 

the dimension of the column space.False   

(200) If 𝒓𝒂𝒏𝒌 (𝑨𝑻) = 𝒓𝒂𝒏𝒌 (𝑨) , then 𝑨 is square.  False   

(201) There is no 𝟑𝒙𝟑  matrix whose row space and null space are both lines in 𝟑 − 𝒔𝒑𝒂𝒄𝒆.  True     

(202) If 𝑨 is a 𝟐𝒙𝟑  matrix, then the domain of the transformation TA  is 𝑹𝟐 . False   

(203) If 𝑨 is an 𝒎 𝒙 𝒏  matrix, then the codomain of the transformation 𝑻𝑨 is 𝑹𝒏 .  False   

(204) If 𝑻:𝑹𝒏  →  𝑹𝒎 and 𝑻(𝟎) = 𝟎, then T is a matrix transformation. False   

(205) If 𝑻:𝑹𝒏  →  𝑹𝒎and 𝑻(𝒄𝟏𝒙 + 𝒄𝟐𝒚) = 𝒄𝟏𝑻(𝒙) + 𝒄𝟐𝑻(𝒚)  for all scalars 𝒄𝟏 and 𝒄𝟐  and all vectors  

𝒙  and  𝒚 in𝑹𝒏 , then 𝑻 is a matrix transformation. True   

(206) There is only one matrix transformation 𝑻:𝑹𝒏  →  𝑹𝒎such that 𝑻(−𝒙) = −𝑻(𝒙)  for every 

vector 𝒙 in 𝑹𝒏 . False   

(207) There is only one matrix transformation 𝑻:𝑹𝒏  →  𝑹𝒎such that 𝑻(𝒙 + 𝒚) = 𝑻(𝒙 − 𝒚)  for all 

vectors x and 𝒚  in 𝑹𝒏 .  True   

(208) If is a nonzero vector in Rn , then 𝑻(𝒙) = 𝒙 + 𝒃  is a matrix operator on Rn . False   

(209) The matrix     [

𝟏

𝟐
−

𝟏

𝟐
𝟏

𝟐

𝟏

𝟐

] is the standard matrix for a rotation . False     

 (210) The standard matrices of the reflections about the coordinate axes in 𝟐 − 𝒔𝒑𝒂𝒄𝒆 have the 

form
 𝒂 𝟎
𝟎 −𝒂

    ,   where  𝒂 =  ±𝟏  True    

(211) If 𝑻:𝑹𝒏  →  𝑹𝒎 is a one-to-one matrix transformation, then there are no distinct vectors  

𝒙  and 𝒚  for which 𝑻(𝒙 − 𝒚) = 𝟎 True    

(212) If  𝑻:𝑹𝒏  →  𝑹𝒎is a matrix transformation and 𝒎 >  𝒏, then 𝑻 is one-to-one. False   
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(213) If 𝑻:𝑹𝒏  →  𝑹𝒎is a matrix transformation and 𝒎 = 𝒏  , then 𝑻 is one-to-one.  False   

(214) If 𝑻:𝑹𝒏  →  𝑹𝒎is a matrix transformation and 𝒎 <  𝒏 , then 𝑻 is one-to-one. False   

(215) The image of the unit square under a one-to-one matrix operator is a square. False   

(216) 𝑨 𝟐𝒙𝟐  invertible matrix operator has the geometric effect of a succession of shears, 

compressions, expansions, and reflections.  True   

(217) The image of a line under a one-to-one matrix operator is a line. True   

(218) Every reflection operator on 𝑹𝟐 is its own inverse.  True   

(219) The matrix  
𝟏 −𝟏
𝟏 𝟏

   represents reflection about a line. False   

(220) The matrix  
𝟏 −𝟐
𝟐 𝟏

  represents a shear.False   

 (221) The matrix 
𝟏 𝟎
𝟏 𝟑

 represents an expansion .True         

(222) If 𝑨 is a square matrix and 𝑨𝒙 = 𝝀𝒙 for some nonzero scalar 𝝀 , then x is an eigenvector of 𝑨. 

False   

(223) If  𝝀  is an eigenvalue of a matrix 𝑨, then the linear system(𝜆𝐼 − 𝐴)𝑥 =  𝟎 has only the trivial 

solution. False   

(224) If the characteristic polynomial of a matrix A is 𝒑(𝝀)  =  𝝀𝟐  +  𝟏 , then 𝑨 is invertible. True   

(225) If 𝝀  is an eigenvalue of a matrix A, then the eigenspace of 𝑨 corresponding to 𝝀 is the set of 

eigenvectors of 𝑨 corresponding to 𝝀 .  False   

(226) If 𝟎 is an eigenvalue of a matrix 𝑨, then 𝑨𝟐 is singular. True   

(227) The eigenvalues of a matrix 𝑨 are the same as the eigenvalues of the reduced row echelon form 

of 𝑨. False   

(228) If 𝟎 is an eigenvalue of a matrix 𝑨, then the set of columns of 𝑨 is linearly independent. False     

 (229) Every square matrix is similar to itself.  True   

(230) If 𝑨,𝑩, and 𝑪 are matrices for which 𝑨 is similar to 𝑩 and B is similar to 𝑪, then 𝑨 is similar to 

𝑪.True   

(231) If 𝑨 and 𝑩 are similar invertible matrices, then 𝑨−𝟏and 𝑩−𝟏 are similar. True   

(232) If 𝑨 is diagonalizable, then there is a unique matrix 𝑷 such that 𝑷−𝟏𝑨𝑷is diagonal. False   

(233) If 𝑨 is diagonalizable and invertible, then 𝑨−𝟏is diagonalizable.  True   

(234) If 𝑨 is diagonalizable, then 𝑨𝑻 is diagonalizable.  True   

(235) If there is a basis  𝑹𝒏 for consisting of eigenvectors of an 𝒏 𝒙 𝒏 matrix 𝑨, then 𝑨 is 

diagonalizable.  True   
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(236) If every eigenvalue of a matrix 𝑨 has algebraic multiplicity 𝟏, then 𝑨 is diagonalizable. True   

(237) There is a real 𝟓𝒙𝟓 matrix with no real eigenvalues. False   

(238) The eigenvalues of a 𝟐𝒙𝟐 complex matrix are the solutions of the equation   

𝝀𝟐  −  𝒕𝒓(𝑨)𝝀 +  𝒅𝒆𝒕(𝑨)  =  𝟎  True   

(239) Matrices that have the same complex eigenvalues with the same algebraic multiplicities have 

the same trace. False    

 (240) If 𝝀 is a complex eigenvalue of a real matrix 𝑨 with a corresponding complex eigenvector 𝒗, 

then 𝝀  is a complex eigenvalue of 𝑨 and 𝒗  is a complex eigenvector of 𝑨 corresponding to 𝝀   . True   

(241) Every eigenvalue of a complex symmetric matrix is real. False    

(242) If a 𝟐𝒙𝟐  real matrix 𝑨 has complex eigenvalues and 𝒙𝟎 is a vector in 𝑹𝟐 , then the vectors 

𝒙𝟎 , 𝑨𝒙𝟎 , 𝑨
𝟐𝒙𝟎 , … . . , 𝑨𝒏𝒙𝟎lie on an ellipse. False     

 (243) The dot product on 𝑹𝟐is an example of a weighted inner product. True   

(244) The inner product of two vectors cannot be a negative real number.  False   

(245) ⟨𝒖. 𝒗 +  𝒘⟩  =  ⟨𝒗. 𝒖⟩  + ⟨𝒘.𝒖⟩  True   

(246)⟨𝒌𝒖. 𝒌𝒗⟩  =  𝒌𝟐𝟐⟨𝒖. 𝒗⟩ .  True   

(247) If  ⟨𝒖. 𝒗⟩  =  𝟎, then u=0 or 𝒗 = 𝟎 .  False   

(248) If ||𝒗||𝟐  =  𝟎 , then 𝒗 = 𝟎 .  True   

(249) If 𝑨 is an  𝒏 𝒙 𝒏 matrix, then ⟨𝒖. 𝒗⟩  =  𝑨𝒖 ∙  𝑨𝒗 defines an inner product on 𝑹𝒏 .  False   

 (250) If 𝒖 is orthogonal to every vector of a subspace 𝑾, then 𝒖 = 𝟎. False   

(251) If 𝒖 is a vector in both 𝑾 and 𝑾𝟏, then 𝒖 = 𝟎 . True   

(252) If u and v are vectors in 𝑊⊥ , then u+v is in 𝑊⊥ .  True   

(253) If 𝒖 is a vector in 𝑾𝟏 and k is a real number, then 𝒌𝒖  is in 𝑾𝟏.  True   

(254) If 𝒖 and v are orthogonal, then |⟨𝒖. 𝒗⟩|  =  ||𝒖||||𝒗|| .  False   

(255) If 𝒖 and 𝒗 are orthogonal, then ||𝒖 + 𝒗|| = ||𝒖|| + ||𝒗|| .  False   

(256) If 𝑨 is an 𝒎 𝒙 𝒏  matrix, then  𝑨𝑻𝑨  is a square matrix. True   

(257) If 𝑨𝑻𝑨  is invertible, then 𝑨 is invertible.  False   

(258) If 𝑨 is invertible, then  𝑨𝑻𝑨  is invertible.  True   

(259) If 𝑨𝒙 = 𝒃  is a consistent linear system, then    𝑨𝑻𝑨𝒙 =  𝑨𝑻𝒃    is also consistent. True   

(260) If 𝑨𝒙 = 𝒃  is an inconsistent linear system, then     𝑨𝑻𝑨𝒙 =  𝑨𝑻𝒃 is also inconsistent.  False   
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(261) Every linear system has a least squares solution. True     

 (262) Every linear system has a unique least squares solution. False   

(263) If 𝑨 is an 𝒎 𝒙 𝒏 matrix with linearly independent columns and 𝒃 is in 𝑹𝒎 , then 𝑨𝒙 = 𝒃 has a 

unique least squares solution. True    

(264)The matrix    
𝟏 𝟎
𝟎 𝟏
𝟎 𝟎

     is orthogonal  . False   

(265) The matrix   
𝟏 −𝟐
𝟐 𝟏

   is orthogonal.  False   

(266) An 𝒎 𝒙 𝒏  matrix 𝑨 is orthogonal if 𝑨𝑻𝑨 = 𝑰. False   

(267) 𝑨 square matrix whose columns form an orthogonal set is orthogonal. False   

(268) Every orthogonal matrix is invertible. True   

(269) If 𝑨 is an orthogonal matrix, then 𝑨𝟐  is orthogonal and (𝒅𝒆𝒕 𝑨)𝟐 = 𝟏 .  True   

(270) Every eigenvalue of an orthogonal matrix has absolute value 𝟏.  True   

(271) If 𝑨 is a square matrix and ||𝑨𝒖|| = 𝟏  for all unit vectors 𝒖, then 𝑨 is orthogonal.  True   

(272) If 𝑨 is a square matrix, then 𝑨𝑨𝑻 and 𝑨𝑻𝑨 are orthogonally diagonalizable. True  

(273) If 𝒗𝟏 and 𝒗𝟐 are eigenvectors from distinct eigenspaces of a symmetric matrix, then   

||𝒗𝟏 + 𝒗𝟐||
𝟐  =  ||𝒗𝟏||

𝟐  +  ||𝒗𝟐|| 
𝟐. True   

(274) Every orthogonal matrix is orthogonally diagonalizable. False   

(275) If 𝑨 is both invertible and orthogonally diagonalizable, then 𝑨−𝟏 is orthogonally  

diagonalizable. True   

(276) Every eigenvalue of an orthogonal matrix has absolute value 𝟏.  True     

 (277) If 𝑨 is an 𝒏 𝒙 𝒏  orthogonally diagonalizable matrix, then there exists an orthonormal basis for 

𝑹𝒏 consisting of eigenvectors of 𝑨.  False   

(278) If 𝑨 is orthogonally diagonalizable, then 𝑨 has real eigenvalues.  True   

(279) 𝑨 symmetric matrix with positive definite eigenvalues is positive definite.  True   

(280) 𝒙
𝟐

𝟏
−

𝟐

𝟐
−

𝟐

𝟑
+  𝟒𝒙𝟏𝒙𝟐𝒙𝟑  is a quadratic form . False  

(281) (𝒙𝟏  −  𝟑𝒙𝟐)
𝟐 is a quadratic form. True   

(282) 𝑨 positive definite matrix is invertible. True   

(283) 𝑨 symmetric matrix is either positive definite, negative definite, or indefinite.  False  

 (284) If 𝑨 is positive definite, then −𝑨  is negative definite.  True   
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(285)  𝑿.𝑿 is a quadratic form for all 𝒙 in 𝑹𝒏 . True   

(286) If 𝒙𝑻𝑨𝒙  is a positive definite quadratic form, then so is  𝒙𝑻𝑨−𝟏𝒙.  True   

(287) If 𝑨 is a matrix with only positive eigenvalues, then 𝒙𝑻𝑨𝒙 is a positive definite quadratic form. 

False   

(288) If 𝑨 is a 𝟐𝒙𝟐 symmetric matrix with positive entries and 𝒅𝒆𝒕(𝑨) >  𝟎 , then 𝑨 is positive 

definite. True   

(289) If 𝒙𝑻𝑨𝒙 is a quadratic form with no cross product terms, then 𝑨 is a diagonal matrix.  False   

(290) If  𝒙𝑻𝑨𝒙 is a positive definitequadratic form in two variables and 𝒄 ≠  𝟎 , then the graph of the 

equation 𝒙𝑻𝑨𝒙 = 𝒄  is an ellipse. False    

(291) The matrix  
𝟎 𝒊
𝒊 𝟐

   is Hermitian   .  False   

(292)The matrix  

−
𝒊

√𝟐

𝒊

√𝟔

𝒊

√𝟑

𝟎 −
𝒊

√𝟔

𝒊

√𝟑
𝒊

√𝟐

𝒊

√𝟔

𝒊

√𝟑

     is unitary  .    False    

(293) The conjugate transpose of a unitary matrix is unitary. True 

 (294) Every unitarily diagonalizable matrix is Hermitian.  False   

(295) 𝑨 positive integer power of a skew-Hermitian matrix is skew-Hermitian. False    

(296) If 𝑻(𝒄𝟏𝒗𝟏  + 𝒄𝟐𝒗𝟐)  =  𝒄𝟏𝑻(𝒗𝟏)  + 𝒄𝟐𝑻(𝒗𝟐) for all vectors 𝒗𝟏  and 𝒗𝟐 in 𝑽 and all scalars  𝒄𝟏 and 

𝒄𝟐, then 𝑻 is a linear transformation.  True   

(297) If 𝒗 is a nonzero vector in V, then there is exactly one linear transformation 𝑻:𝑽 →  𝑾 such that 

𝑻(−𝒗) = −𝑻(𝒗)  False   

(298) There is exactly one linear transformation 𝑻: 𝑽 →  𝑾 for which 𝑻(𝒖 + 𝒗) = 𝑻(𝒖 − 𝒗) for all 

vectors 𝒖 and 𝒗 in 𝑽.  True   

(299) If 𝒗𝟎  is a nonzero vector in 𝑽, then the formula 𝑻(𝒗) = 𝒗𝟎 + 𝒗 defines a linear operator on 𝑽. 

False   

(300) The kernel of a linear transformation is a vector space. True   

(301) The range of a linear transformation is a vector space.  True   

(302) If 𝑻: 𝑷𝟔  →  𝑴𝟐𝟐 is a linear transformation, then the nullity of 𝑻 is 𝟑. False   

(303) The function 𝑻:𝑴𝟐𝟐  →  𝑹 defined by 𝑻(𝑨) = 𝒅𝒆𝒕 𝑨 is a linear transformation. False   

 (304) The linear transformation 𝑻:𝑴𝟐𝟐  →  𝑴𝟐𝟐 defined by  𝑻(𝑨)  =
𝟏 𝟑
𝟐 𝟔

  𝑨  has rank 𝟏.  False   

(305) The vector spaces  𝑹𝟐 and 𝑷𝟐 are isomorphic. False   
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(306) If the kernel of a linear transformation 𝑻: 𝑷𝟑 → 𝑷𝟑  is {𝟎} , then 𝑻 is an isomorphism.  True   

(307) Every linear transformation from 𝑴𝟐𝟐 to 𝑷𝟗is an isomorphism. False    

(308) There is a subspace of 𝑴𝟐𝟑 that is isomorphic to 𝑹𝟒. True   

(309) There is a 𝟐𝒙𝟐  matrix 𝑷 such that 𝑻:𝑴𝟐𝟐  →  𝑴𝟐𝟐  defined by 𝑻(𝑨) = 𝑨𝑷 − 𝑷𝑨  is an 

isomorphism. False   

(310) There is a linear transformation 𝑻:𝑷𝟒 → 𝑷𝟒 such that the kernel of 𝑻 is isomorphic to the range 

of 𝑻 False   

(311) The composition of two linear transformations is also a linear transformation. True   

(312) If  𝑻𝟏:𝑽 →  𝑽  and  𝑻𝟐: 𝑽 →  𝑽  are any two linear operators, then  𝑻𝟏  ∘   𝑻𝟐 =  𝑻𝟐  ∘   𝑻𝟏  False   

(313) The inverse of a linear transformation is a linear transformation.  False   

(314) If a linear transformation 𝑻 has an inverse, then the kernel of 𝑻 is the zero subspace. True    

(315) If 𝑻:𝑹𝟐 → 𝑹𝟐 is the orthogonal projection onto the x-axis, then 𝑻−𝟏:𝑹𝟐 → 𝑹𝟐 maps each point 

on the x-axis onto a line that is perpendicular to the x-axis.  False   

(316) If 𝑻𝟏: 𝑼 →  𝑽  and 𝑻𝟐: 𝑼 →  𝑽 are linear transformations, and if  𝑻𝟏 is not one-to one, then 

neither is 𝑻𝟐  ∘  𝑻𝟏  True   

(317) If the matrix of a linear transformation 𝑻: 𝑽 →  𝑾 relative to some bases of 𝑽 and 𝑾 is   
𝟐 𝟒
𝟎 𝟑

   , 

then there is a nonzero vector 𝒙 in 𝑽 such that 𝑻(𝒙) = 𝟐𝒙 . False   

(318) If the matrix of a linear transformation 𝑻: 𝑽 →  𝑾  relative to bases for 𝑽 and 𝑾 is  
𝟐 𝟒
𝟎 𝟑

 , then 

there is a nonzero vector 𝒙 in 𝑽 such that 𝑻(𝒙) = 𝟒𝒙 . False    

(319) If the matrix of a linear transformation 𝑻: 𝑽 →  𝑾  relative to certain bases for 𝑽 and 𝑾 is  
𝟏 𝟒
𝟐 𝟑

  

, then 𝑻 is one-to-one. True   

(320) If 𝑺: 𝑽 →  𝑽  and  𝑻:𝑽 →  𝑽 are linear operators and 𝑩 is a basis for 𝑽, then the matrix of           

𝑺 ∘  𝑻 relative to 𝑩 is [𝑻]𝑩 [𝒔] 𝑩 False   

(321) If  𝑻: 𝑽 →  𝑽  is an invertible linear operator and 𝑩 is a basis for 𝑽, then the matrix for 𝑻−𝟏 

relative to 𝑩 is   [𝑻]−𝟏
𝑩
   . True        

(322) Every square matrix has an LU-decomposition. False     

(323) If a square matrix 𝑨 is row equivalent to an upper triangular matrix 𝑼, then 𝑨 has an                   

LU-decomposition.  False   

(324) If 𝑳𝟏, 𝑳𝟐, … . , 𝑳𝒌  are n x n  lower triangular matrices, then the product 𝑳𝟏, 𝑳𝟐, … . , 𝑳𝒌is lower 

triangular.True   

(325) If a square matrix 𝑨 has an LU-decomposition, then 𝑨 has a unique LDU decomposition. True   
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(326) Every square matrix has a PLU-decomposition. True   

(327) If 𝑨 is an  𝒎 𝒙 𝒏 matrix, then  𝑨𝑻𝑨 is an 𝒎 𝒙 𝒎 matrix False   

(328) If 𝑨 is an 𝒎 𝒙 𝒏  matrix, then 𝑨𝑻𝑨 is a symmetric matrix. True   

(329) If 𝑨 is an 𝒎 𝒙 𝒏 matrix, then the eigenvalues of 𝑨𝑻𝑨  are positive real numbers.  False   

(330) If 𝑨 is an  𝒏 𝒙 𝒏 matrix, then 𝑨 is orthogonally diagonalizable. False   

(331) If 𝑨 is an 𝒎 𝒙 𝒏  matrix, then 𝑨𝑻𝑨  is orthogonally diagonalizable.  True   

(332) The eigenvalues of 𝑨𝑻𝑨 are the singular values of 𝑨. False   

(333) Every  𝒎 𝒙 𝒏 matrix has a singular value decomposition. True    

The End 

الله لي ولكم التوفيقأسأل   


