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ME-01 Partial Market Equilibrium

Source PDF pages 1-4

Explain one market, derive its equilibrium, and distinguish an algebraic intersection from
feasible positive trade.

Foundations | Derivations | Source examples | Worked example | Independent practice | Turk¢e support |
Hint levels 1 and 2 | Solutions and English interpretations | Reflection and retry

Before you start

What do | already understand, and which step do | need to explain?

Do not mark a skill “alone” just because a solution looks familiar. A useful attempt includes the model, the
operations, the check and the interpretation.

Foundations
One market and one common price

A partial-market model isolates one market while holding other influences fixed. Demand
and supply describe intended quantities at the same price, not two different prices.

Qd=a—-bP; Qs=—-c+dP; a,b,c,d>0

Symbol English meaning Turkge karsihigi

P Price per unit Birim fiyat

Qd, Qs Planned quantity demanded and Talep ve arz miktarlari
supplied

a Demand intercept P=0 icin talep

b Demand slope magnitude; slope —b Fiyat 1 artinca talepteki azalis

C Magnitude of the negative supply Negatif arz kesisiminin pozitif bayuklGgu
intercept —c

Ekonomi Atdlyesi  English first « Tlrkce support 003



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

Symbol English meaning Turkge karsihigi
d Supply slope +d Fiyat 1 artinca arzdaki artis
* Equilibrium value, not multiplication Denge degeri

Tlrkce explanation

Variables, parameters and units

P, Qd and Qs are variables. The parameters a,b,c,d are fixed within a scenario. Both
quantities must use the same units and period. A price increase of 1 changes demand by
—b and supply by +d.

AQd=—DbAP; AQs=dAP

Turkce explanation

Read the axes and the gap

The source uses P horizontally and Q vertically. Slopes are —b and +d. For W1 at P=20,
demand is 40 and supply is 10, so excess demand is 30. At P=35, demand is 10 and
supply is 25, so excess supply is 15. Equilibrium means Qd=Qs. The price intercepts are
a/b for demand and c/d for supply. The dashed negative-quantity segment is only a
mathematical extension.

Q

Qd =80 - 2P

Turkce explanation
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A positive price is not enough

The unique price is positive under the stated assumptions, but quantity can be negative.

Positive trade requires ad>bc, equivalently a/b>c/d. Equality gives zero trade. Negative
guantities are mathematical extensions, not actual negative production.

P*=(a+c)/(b+d); Q*=(ad—bc)/(b+d)

Turkce explanation

Pause and test your understanding
ME-01-C1

When P rises by 1, how do Qd and Qs change?
A. Qd falls by b; Qs rises by d.

B. Qd rises by b; Qs falls by d.

C. Both stay unchanged.

My choice and the reason, before checking

Turkce question support | Check later
ME-01-C2

Why is division by b+d permitted?
A. Every expression can be a divisor.

B. b+d is positive, hence nonzero.

C. Equilibrium forces b=d.

My choice and the reason, before checking

Turkge question support | Check later
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Derivations with reasons
Derive the equilibrium price

Use equal quantities at one common price.

Qd=Qs

Start with the equilibrium condition.

a—bP=-c+dP

Substitute the two behavioral equations.

a—DbP+DbP=-c+dP + bP

Add bP to both sides.
a=-c+dP+DbP

Cancel —bP + bP on the left.
atc=-c+dP+bP+c
Add c to both sides.
a+c=dP+ DbP

Cancel —c + c on the right.

a+c=(d+Db)P=(b+dP

Factor out P; reorder the sum.

a+c (b + d)P

b+d b+d
Divide both sides by b + d.

* a+c

b+d

The equilibrium price is now a function of parameters only.

Detailed Turkish reasoning
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Derive the equilibrium quantity

Substitute the solved price and use a common denominator.

Q =a-bP
Use the demand equation at the equilibrium price.

a+cC

Q =a-b
b +d

Substitute the derived price.

* a(b + d) b(a + ¢)

b+d b+d

Rewrite a using the common denominator.

* a(b +d) —b(a+ c)
Q =

b+d

Combine fractions with the same denominator.

* ab + ad — (ab + bc)

b+d

Distribute both products.

* ab + ad — ab — bc

Q =

b+d
Apply the minus sign to every term.
* ad — bc
b+d

Cancel ab — ab.

Detailed Turkish reasoning
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Source examples and checked readings

These examples retain the source numbers and mathematical content. The explanations are newly
written. Any checked correction is placed next to the affected calculation.

Source example - negative intersection (PDF pp.3-4)

The source uses a=1,b=10,c=10,d=1 to show why a positive price does not guarantee

positive trade.

Source PDF pages 3-4
Qd=1-10P; Qs=—-10+P

Insert the source parameters.
1-10P=-10+P

Set the two planned quantities equal.
1-10P+10P=-10+P+10P -» 1=-10+11P
Add 10P to both sides and simplify.
1+10=-10+11P+10 -» 11=11P - P*=1
Add 10 and divide by 11.

Qd(1)=1-10=-9; Qs(1)=-10+1=-9

Both linear schedules give the same negative amount.

Q*=(ad—bc)/(b+d)=(1-100)/11=-99/11=-9
Verify the source’s reduced-form calculation.
a/b=1/10 < ¢/d=10

Compare the zero-quantity price intercepts.

P*=1; Q*=-9

Exam-ready interpretation: The extended lines intersect at a positive price but a negative

quantity, so this is not a feasible positive-trade equilibrium. Positive demand requires
P<0.1, whereas positive supply requires P>10; no common price satisfies both.

TUrkce source-example reasoning
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Source example - a feasible market (PDF p.4)

The source’s other example is Qd=21-3P and Qs=—4+8P. Work with exact fractions first.

Source PDF pages 4
21-3P=—-4+8P

Set demand equal to supply.

21-3P+3P=—-4+8P+3P -» 21=—4+11P

Add 3P to both sides.

21+4=—4+11P+4 - 25=11P

Add 4 to both sides.

P*=25/11

Divide by positive 11.
Qd=21-3(25/11)=231/11-75/11=156/11

Use a common denominator in demand.
Qs=—-4+8(25/11)=-44/11+200/11=156/11

Check supply independently.
ad—bc=21:8—3-4=168-12=156>0; 1/2<25/11<7

Verify feasibility with both the numerator and price intercepts.
P*=25/11; Q*=156/11>0

Exam-ready interpretation: At the common price 25/11, buyers and sellers both plan
156/11 units of this good in the same period. The price lies between the supply and
demand zero-quantity thresholds, so both planned quantities are positive.

TuUrkce source-example reasoning
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Worked example
ME-01-W1 Solve a linear market

Given Qd = 80 — 2P and Qs = —10 + P, derive the equilibrium price and quantity. Show
the same operation on both sides, check the result in both schedules, and explain what
the equilibrium means.

Turkce question | Interpretation answer after trying

Before reading the steps: choose a method and say why it applies

80 —-2P=-10+P
Set quantity demanded equal to quantity supplied.
80 —-2P+2P=-10+P + 2P

Add 2P to both sides.

Pause. Predict the next operation and justify it before reading on.

80 = -10 + 3P

Combine P + 2P = 3P.

80 + 10 = =10 + 3P + 10
Add 10 to both sides.

90 = 3P

Cancel —10 + 10; add 80 + 10.

90 3P *
= S P =30
3 3

Divide both sides by 3.
Qd(30) = 80 — 2(30) = 80 — 60 = 20

Substitute the price into demand.
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QS(30) =-10+ 30 =20

Check supply independently.

10<30<40 ; Q =20>0

Check the feasible price interval and interpret.

Interpret before reading the model answer

Why is a price of 30 not a complete economic answer?

Say your interpretation aloud; note the main result and one reason
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Independent practice

Attempt each problem before the hints. The next page of each problem is for
interpretation and checking. Do not use the solution as a copying exercise.

ME-01-S1 Rebuild

Given Qd = 100 - 2P and Qs = -20 + 2P, find the equilibrium price and quantity. Show
each algebraic step, verify both schedules, and interpret your answer.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-01-S1 Interpretation and verification

Interpret the equilibrium and explain what both checks establish.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-01-S2 Transfer - Extension

Demand changes from Qd = 80 - 2P to Qd = 92 - 2P. Supply stays Qs = -10 + P. Find the
new equilibrium and compare it with ME-01-W1. Explain the shortage at the old price and
distinguish a demand shift from a movement along supply.

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-01-S2 Interpretation and verification

Explain why the initial shortage at the old price differs from the final increase in
equilibrium quantity.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-01-S3 Challenge The Result

Given Qd = 12 - 3P and Qs = -10 + 2P, find the algebraic intersection. Is it an
economically feasible positive-trade equilibrium? Justify your answer using quantity and

the two price intercepts.
Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-01-S3 Interpretation and verification

Explain why a valid algebraic intersection can fail to represent positive trade.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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Turkce support

Bu bolum dili ve gerekceyi anlamak icindir. Aciklamayi! aynen kopyalama; okuduktan
sonra kendi ¢é6ziimiine don. ingilizce soru sayfalarinda yanitlari gérmeden deneme
yapabilirsin.

One market and one common price

Tek bir malin piyasasina bakiyoruz. Diger etkiler sabitken alicinin almak istedigi miktar ile
saticinin satmak istedigi miktar hangi ortak fiyatta esit olur? Denklem ekonomik
hikayenin kisa yazimidir; hikayenin yerine gecmez.

Qd=a—-bP; Qs=—-c+dP; a,b,c,d>0
Back to English
Variables, parameters and units

P, Qd, Qs model icinde belirlenir; a,b,c,d ise bu senaryoda verilir. Fiyati P+1 yapinca
a—b(P+1)=a—bP-b olur: fark —b. Arzda —c+d(P+1)=—-c+dP+d oldugundan fark +d.
Miktar birimleri ve donemleri ayni olmalidir; haftalik talep gunlik arzla esitlenmez.

AQd=—-DbAP; AQs=dAP
Back to English
Read the axes and the gap

Eksenlere dnce bak: bu notta yatay P, dikey Q. Nokta sirasi (P,Q) olur. Talep fazlasi
alicilarin planinin, arz fazlasi saticilarin planinin daha blyUk oldugunu sdyler. Olagan
yorumda fiyat lGzerinde sirasiyla yukari ve asagi baski vardir; fakat statik denklemler
ayarlama hizini veya dengeye kesin yakinsamayi kanitlamaz.
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Qd =80 - 2P

Back to English
A positive price is not enough

b+d pozitif oldugundan Q* isaretini ad—bc belirler. Pozitif miktar icin ad>bc gerekir. iki
yani pozitif bd’ye boélince a/b>c/d elde edilir: talebin sifira indigi fiyat, arzin sifir oldugu
fiyattan yUksek olmalidir. Negatif miktar ¢ikarsa cebir dogru olabilir ama ekonomik kosul
saglanmaz.

P*=(a+c)/(b+d); Q*=(ad—bc)/(b+d)
Back to English
ME-01-C1 Question support

P bir artinca miktarlar nasil degisir?

Return to foundations
ME-01-C2 Question support

b+d ile b6lme neden gecerli?

Return to foundations
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Derive the equilibrium price
Esitligi koruyan islemlerle P’yi yalniz birak.
Qy=Q,

Denge kosulu, alicilarin planladigi miktarin saticilarin planladigr miktara esit olmasidir.
Henuz sayisal bir fiyat bilmiyoruz.

a—bP=-c+dP

Qd yerine a—bP, Qs yerine —c+dP yazdik. Bu esitlik her P icin degil, aradigimiz denge
fiyatinda saglanacak.

a—DbP+DbP=-c+dP + bP

“Karsl tarafa atma” yok: esitligi korumak icin iki tarafa da ayni bP’yi ekliyoruz. Sol tarafta
—DbP ile +bP birbirini gétirecek.

a=—-c+dP+ DbP

Sol taraftaki toplam sifir olur. Sag taraftaki dP ve bP’yi henliz birlestirmedik; hangi
islemden geldikleri gérunur kalsin.

a+tc=—-c+dP+DbP+c

Sagdaki —c’yi yok etmek icin iki tarafa +c ekledik. Tek bir tarafi degistirmek esitligi
bozardi.

a+c=dP+ DbP
Sag tarafta —c+c=0. Artik sabit parametreler solda, P iceren terimler sagda.
a+c=(d+Db)P=(b+d)P

dP+bP, ortak carpan P alinarak (d+b)P olur. Toplamanin degisme 6zelligiyle d+b=b+d. P
kaybolmadi; parantezin ¢arpani oldu.

a+c (b + d)P

b+d b+d

b ve d pozitif oldugu icin b+d>0; bolme yasaldir. Sagdaki ayni b+d carpanlari sadelesir.

* a+c

b+d
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P* yildizi, “denge degeri” anlamina gelir. Formulde yalnizca a,b,c,d var; buna reduced
form denir. Tek ¢c6zim vardir cinkl P'nin katsayisi b+d sifir degildir. Bu, fiyatin zamanla
buraya mutlaka gelecegini kanitlamaz.

Back to English

Derive the equilibrium quantity

Fiyati talebe koy ve her cebir adiminin nedenini izle.
Q" =a-bP

Denge fiyati bulunduktan sonra denge miktarini iki denklemden herhangi biri verir. Once
talebi seciyoruz.

a+cC

Q=a-b

b+d

P* yerine (a+c)/(b+d) yazdik. b, kesrin tamamini ¢carpar.

* a(b + d) b(a + ¢)
Q = -
b+d b+d

Tek basina duran a’nin paydasi 1'dir. Degeri degistirmeden a’yi (b+d)/(b+d)=1 ile
carplyoruz. Bu yluzden pay a degil, a(b+d) olur.

* a(b +d) —b(a+ )
Q =

b+d

Paydalar ayni oldugundan paylar arasindaki ¢cikarma tek kesrin payinda yapilir; payda
b+d olarak kalir.

* ab + ad — (ab + bc)

Q=

b+d

a(b+d)=ab+ad ve b(a+c)=ab+bc. ikinci parantezin énindeki eksi isaretini koruyoruz.

* ab + ad — ab — bc

Q =

b+d

—(ab+bc)=—ab—bc. En sik hata, ikinci terimin isaretini degistirmemexktir.

* ad — bc
Q =
b+d

Ekonomi Atdlyesi  English first « Tlrkce support 021



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

Paydaki ab ile —ab sifirlanir; ad—bc kalir. Fiyat pozitif olsa bile bu pay negatif olabilir.

Dolayisiyla ekonomik anlami ayrica kontrol etmeliyiz.

Back to English
Source example - negative intersection (PDF pp.3-4)

Kaynak a=1, b=10, c=10, d=1 sayilariyla zayif talep/yUksek arz esigini gosteriyor.
Matematiksel kesisimi ekonomik denge diye otomatik kabul etme.

Source PDF pages 3-4
Qd=1-10P; Qs=—-10+P

a=1b=10,c=10,d = 1: arz sabiti =10, arz egimi +1.
1-10P=-10+P

Dengeyi aramak icin ortak fiyat P'de esitlik kur.
1-10P+10P=-10+P+10P -» 1=-10+11P

Sagdaki 1 P +10 P=11 P.

1+10=-10+11P+10 -» 11=11P - P*=1

Fiyat pozitiftir, fakat miktari hentz denetlemedik.
Qd(1)=1-10=-9; Qs(1)=-10+1=-9

Cebir tutarli ama negatif miktar gercek pozitif ticaret degildir.

Q*=(ad—bc)/(b+d)

(1-100)/11=-99/11=-9
Paydaki ad —bc negatiftir; payda pozitiftir.
a/b=1/10 < ¢/d=10

Pozitif talep P<0,1; pozitif arz P>10 ister. Bu araliklar kesismedigi icin pozitif ticaret
dengesi yoktur. Kaynak s 4 grafigi de negatif Q kesisimini gosterir.

P*=1, Q*=-9

Sinav yorumu: Cebirsel kesisim fiyati pozitif olsa da miktar negatiftir; gercek pozitif

ticaret olarak yorumlanamaz. Pozitif talep ve pozitif arzin fiyat araliklar kesismediginden

bu modelde pozitif ticaret dengesi yoktur.

Back to English
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Source example - a feasible market (PDF p.4)

Kaynagin ikinci 6rnegdini yuvarlama yapmadan ¢ozelim. Boylece iki denklemde miktar
kontrolU tam esitlik verir.

Source PDF pages 4
21-3P=-4+8P

a=21,b=3,c=4,d= 8 parametrelerini tani.
21-3P+3P=—-4+8P+3P -» 21=—4+11P

Sagda 8 P +3 P=11P.

21+4=—-4+11P+4 - 25=11P

Sagdaki —4 ve +4 sadelesir.

P*=25/11

Kesri koruyoruz; yaklasik = 2,273 olsa da simdi yuvarlama yapma.
Qd=21-3(25/11)=231/11-75/11=156/11

21 sayisini 231/11 yazdik; paylar 231-75=156.
Qs=—4+8(25/11)=-44/11+200/11=156/11

iki denklem ayni miktari veriyor:156/11~14,182.
ad—bc=21-8—3-4=168-12=156>0; 1/2<25/11<7

c/d=4/8=1/2 ve a/b=21/3=7. Denge fiyati arada, denge miktar pozitif. Bu sayilar kaynak
s 4'teki sonucu tam olarak dogrular.

P*=25/11; Q*=156/11>0

Sinav yorumu: Denge fiyatinda alicilarin istedigi miktar ile saticilarin sundugu miktar ayni
ve pozitiftir. Fiyatin iki sifir-miktar esigi arasinda olmasi bu ekonomik gecerliligi ayrica
dogrular; model tek basina fiyatin dengeye ulasma hizini sdylemez.

Back to English
ME-01-W1 Worked example support

iki yana ayni islemi uygulayarak fiyati bul, miktari iki denklemde kontrol et ve anlamini
acikla.
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80 — 2P = —10 + P

Dengeyi kurduk. Burada a=80, b=2, c=10, d=1. Arz denkleminin sabiti —10’dur; c ise
+10.

80 —-2P+2P=-10+P + 2P

iki tarafta ayni islem var. Sol tarafta —2P+2P=0 olacak.

80 =-10+ 3P

Sagda ayni bilinmeyeni iceren terimlerin katsayilarini topladik: 14+2=3.

80 + 10 =-10 + 3P + 10

Sag taraftaki negatif sabiti gidermek icin iki tarafa da 10 ekledik.

90 = 3P

Artik tek bilinmeyenli basit bir denklem var. P'nin Uc¢ kati 90 ise P kac olmali?

90 3P *
= S5 pP'=30
3 3

3 sifir olmadigi icin bdélme yapilabilir. 90/3=30 ve 3P/3=P. Bu fiyatin miktarini henlz
hesaplamadik.

Qd(30) =80 — 2(30) =80 — 60 = 20

Fiyati 30 buldugumuz icin talep miktari 20 olur. Yalnizca fiyati bulmak tam ¢6zim
degildir.

QS(30) =—10+ 30 =20

Arz da 20 cikti. iki miktarin esit olmasi cebirimizin 6nemli kontrolQ; farkh ciksaydi islemleri
geri izlerdik.

10<30<40 ; Q =20>0

Arzin sifir oldugu fiyat ¢/d=10; talebin sifir oldugu fiyat a/b=40. P*=30 bu ikisinin
arasinda. Fiyat 30 birimken, secilen donemde alicilar 20 birim almak, saticilar 20 birim
satmak ister. “Denge” bu planlarin uyusmasidir.

Neden yalnizca fiyati yazmak yetmez?

Return to the worked example
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ME-01-S1 Question support

Qd=100—-2P ve Qs=—-20+2P icin denge fiyatini ve miktarini bul. Her cebir adimini goster,
sonucu iki denklemde dogrula ve ekonomik olarak yorumla.

Dengeyi yorumla; iki denklemde kontrol neyi gosterir?
Return to the problem
ME-01-S2 Question support

Talep Qd=80—-2P’'den Qd=92-2P’ye degisiyor; arz Qs=—10+P olarak kaliyor. Yeni
dengeyi bul ve ME-01-W1 ile karsilastir. Eski fiyattaki talep fazlasini acikla. Talep kaymasi
ile arz dogrusu Uzerinde hareketi ayir.

Eski fiyattaki talep fazlasi ile son denge miktarindaki artisi ayir.

Return to the problem
ME-01-S3 Question support

Qd=12-3P ve Qs=—10+2P icin cebirsel kesisimi bul. Bu, ekonomik olarak mumkun bir
pozitif ticaret dengesi mi? Miktar ve iki fiyat kesisimini kullanarak gerekcelendir.

Cebir dogru olsa da pozitif ticaret neden mimkun olmayabilir?

Return to the problem
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Hints Level 1 Choose the strategy

Use one hint, then go back and try. The second level gives a more specific intermediate move.
ME-01-S1

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlar ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-01-S2

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-01-S3

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2
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Hints Level 2 One useful next move

ME-01-S1

Start with 100 — 2P = —20 + 2P. Add 2P to both sides; then add 20. Do not forget to find
the quantity.

100—2P=-20+2P yaz. iki tarafa 2P ekleyince 100=—20+4P olur. Sonra iki tarafa 20 ekle. Fiyati bulduktan
sonra miktari da hesapla.

Return and complete your attempt

ME-01-S2

Predict the direction first. At the old price P = 30, compute the new Qd and the
unchanged Qs. Then solve 92 — 2P = —-10 + P.

Once yéni tahmin et. Eski fiyat 30’da yeni talep 92—60=32; arz hala 20. Talep fazlasi 12'dir. Yeni denge
icin 92—2P=—-10+P denklemini ¢oz.

Return and complete your attempt

ME-01-S3

Equality alone is not enough. Find P, substitute it, then compare a/b with c/d. Keep a
negative result-it may be the lesson, not a calculation error.

Denklemleri esitle, P'yi bul ve miktari hesapla. Negatif miktar cikinca hemen islemi degistirme. Sonra a/b
ile c/d'yi karsilastir: pozitif talep ve pozitif arz icin ortak bir fiyat araligr var mi?

Return and complete your attempt
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Solutions and model interpretations

ME-01-W1 Model interpretation

At a price of 30 per unit, buyers and sellers plan the same quantity, 20 units per stated
period. Both schedules agree and the quantity is positive, so this is feasible positive

trade.

Yalniz fiyat miktari soylemez. Talep 80—2(30)=20, arz —10+30=20 olur. Ortak miktar ve

isaret kosullari ekonomik yorumun parcasidir.
Check the explanation

1 Gives the common quantity 20.

O Verifies both schedules at P=30.

[0 States that both plans agree and quantities are nonnegative.

ME-01-S1 Solution
100—2P=-20+2P

Set demand equal to supply at one common price.

Denge kosulu Qd=Qs; iki davranis denklemini ayni fiyat icin esitle.
100 — 2P + 2P = —20 + 2P + 2P

Add 2P to both sides.

Soldaki —2P terimini yok etmek icin iki yana +2P ekle.
100 = —20 + 4P

Combine the price terms.

Sagdaki 2P+2P=4P; soldaki —2P+2P=0.
100 + 20 = —=20 + 4P + 20

Add 20 to both sides.

Sagdaki —20'yi yok etmek icin iki yana 20 ekle.
120 = 4P -» P* =120/4 = 30

Combine constants, then divide by nonzero 4.

100+20=120 ve 120/4=30. iki yan ayni sifir olmayan sayiya bélindr.
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Qd(30) = 100 — 2(30) = 40
Substitute P=30 into demand.
100—2x30=100—-60=40.

Qs(30) = —20 + 2(30) = 40

Substitute the same price into supply.

—20+2%x30=—-20+60=40; talep ve arz esittir.
c/d=10<30<50=a/b

Check the feasible price interval.
Arz sifir noktasi 20/2=10, talep sifir noktasi 100/2=50; denge ikisinin arasindadir.
Model English interpretation

At a price of 30, buyers and sellers both plan to trade 40 units per chosen period.

Turkce reasoning

Fiyat 30 iken alicilar ve saticilar secilen donemde 40 birimlik ayni miktari planlar.
Q*=40>0; fiyat da 10 ile 50 esikleri arasindadir. Bu iki kontrol ekonomik anlami dogrular.

Check your explanation

[0 Checks the original equations.

[] States feasibility or the model limit.

] Uses the supplied economic meaning rather than an invented one.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
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ME-01-S2 Solution
92—-2P=-10+P

Set demand equal to supply at one common price.

Denge kosulu Qd=Qs; iki davranis denklemini ayni fiyat icin esitle.
92 — 2P +2P = —10 + P + 2P

Add 2P to both sides.

Yeni talep ve degismeyen arz esitliginde iki yana 2P ekle.

92 =-10+ 3P

Combine P+2P=3P.

P kaybolmaz; ayni bilinmeyenin katsayilarini toplariz.

92 +10=-10 + 3P + 10

Add 10 to both sides.

Sagdaki —10 ile +10 birbirini géttrar.
102 =3P - P*=102/3 = 34

Combine constants and divide by 3.

92+10=102 ve 102/3=34.
Qd(34) =92 — 68 =24

Evaluate the new demand at P=34.

92-2x34=92-68=24.
Qs(34) = -10 + 34 =24

Verify with unchanged supply.

—10+34=24; her iki plan ayni miktari verir.
AP =34 -30=+4;,AQ =24 -20=+4

Compare with the original W1 equilibrium.

Eski denge (30,20) idi; yeni denge (34,24). Fiyat ve miktar 4’er artar.
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Model English interpretation

Demand shifts: at each fixed price, buyers want 12 more units. Supply does not shift; the
new equilibrium is a movement along the same supply line. At the old price, excess
demand is 32 — 20 = 12. As price rises from 30 to 34, demand falls from 32 to 24 while
supply rises from 20 to 24, closing the 12-unit gap. Equilibrium quantity therefore rises by
4, not 12.

Turkce reasoning

a parametresi 80'den 92'ye yukseldi; her sabit fiyatta talep 12 artti. Bu bir demand shift /
talep kaymasidir. Arz parametreleri degismedigi icin arz dogrusu kaymadi. P 30’dan 34’e
cikinca ayni arz dogrusu uzerinde 20'den 24’e hareket ettik. Talep edilen miktarin 8
azalmasi ve arz edilen miktarin 4 artmasi, eski fiyattaki 12 birimlik farki kapatir. Statik iki
durumu karsilastiriyoruz; fiyatin uyum hizini iddia etmiyoruz.

Check your explanation

[0 Checks the original equations.

[] States feasibility or the model limit.

[0 Uses the supplied economic meaning rather than an invented one.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-01-S3 Solution
12—-3P=-10+2P

Set demand equal to supply at one common price.

Denge kosulu Qd=Qs; iki davranis denklemini ayni fiyat icin esitle.
12 -3P+3P=-10+ 2P + 3P

Add 3P to both sides.

Soldaki —3P terimini yok etmek igin iki tarafa ayni 3P eklenir.

12 = -10 + 5P

Combine 2P+3P=5P.

Sagdaki fiyat katsayisi 5; soldaki fiyat terimleri sifirlanir.
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12 +10=-10+5P + 10

Add 10 to both sides.

Sagdaki sabit —10'u ayni ekleme islemiyle yok et.
22 =5P > P*=22/5=44

Divide by nonzero 5.

22/5=4,4 pozitif bir fiyattir; miktarin isareti hentz bilinmiyor.
Qd(4.4) =12 —-13.2 =-1.2

Substitute into demand.

12—3%4,4=12-13,2=-1,2: ekonomik miktar kosulu saglanmaz.

Qs(4.4) = -10+ 8.8 =-1.2

Verify the negative result in supply.

—10+2%x4,4=-10+8,8=-1,2; cebirsel sonuc¢ dogrulanir.
a/lb=12/3=4<10/2 =5 = c/d

Compare the two zero-quantity prices.

Pozitif talep icin P<4, pozitif arz icin P>5 gerekir. Ortak bir fiyat araligi yoktur.

Model English interpretation

The lines intersect algebraically, but not at a feasible positive traded quantity. Positive

demand requires P < 4; positive supply requires P > 5. There is no price satisfying both in

this linear model.

Turkce reasoning

Cebirsel kesisim dogru: iki denklem de —1,2 veriyor. Ama negatif miktar gercek ticaret
deqildir. Pozitif talep P<4; pozitif arz P>5 ister. Bu kosullari ayni anda saglayan fiyat
yoktur. Dolayisiyla orijinal dogrusal denklemlerde ekonomik olarak miumkun bir pozitif
ticaret dengesi yoktur. “Hicbir modelde denge yok” gibi daha genis bir sonuc

cikarmiyoruz.

Check your explanation
[0 Checks the original equations.

[] States feasibility or the model limit.

[1 Uses the supplied economic meaning rather than an invented one.
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Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
Concept check answers

ME-01-C1 Answer A

Correct. A one-unit rise in P changes Qd by —b and Qs by +d. A positive b does not mean

a positive demand slope.

Dogru. AQd = —b, AQs = +d. Fiyat degiskeninin katsayisi, fiyat 1 birim arttiginda miktarin kag birim
degistigini verir. b pozitif olsa da talep egimi —b’dir.

If you chose differently: Read the coefficient together with its sign: —bP in demand and +dP in supply.
Try again.

Fiyatin katsayisini isaretiyle birlikte oku: talepte —bP, arzda +dP. “Parametre pozitif” demek, her egim
pozitif demek degildir. Yeniden dene.

ME-01-C2 Answer B
Correct. Since b and d are positive, b + d is nonzero. Dividing both sides by the same

nonzero number preserves equality.

Dogru. b > 0 ve d > 0 oldugundan b + d > 0; payda sifir degildir. Sifira bélme yapilamaz. Burada béime,
esitligin iki tarafini ayni sifirdan farkl saylya bélmektir.

If you chose differently: Can a sum of two positive numbers equal zero? Division is valid here because
the denominator is nonzero.

Pozitif bir toplam sifir olabilir mi? Bélme yapabilmek igin ihtiya¢c duydugumuz kosul, bélenin sifir
olmamasidir. Burada bunu b,d > 0 saglar.
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Reflection and a second attempt

For each skill, mark: not yet / with help / alone. “Alone” means you can demonstrate it with the
explanation closed.

1 Not yet [0 With help [J Alone
| explain the symbols and common-price condition.

1 Not yet [0 With help [J Alone
| derive P* and Q* with justified operations.

1 Not yet [0 With help [J Alone

| check both schedules and distinguish algebraic validity from economic feasibility.

Okumak ile yardimsiz kurmak farkhdir. isaret, yerine koyma ve ekonomik anlami ayri ayri denetle.

The first step | could not explain, and the check | will use next time

Next attempt: problem ID and date

Progress is manual. Keep the first attempt visible; use a new page or a different pen colour for the retry.

Source scope

Source PDF pages 1-4. The source uses P on the horizontal axis. Exact source examples are retained

alongside the original pilot problems.
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ME-02 National Income Equilibrium &
Multiplier

Source PDF pages 5-7

Derive equilibrium income and consumption, explain the multiplier, and check when the
formula is valid.

Foundations | Derivations | Source examples | Worked example | Independent practice | TUrk¢e support |
Hint levels 1 and 2 | Solutions and English interpretations | Reflection and retry

Before you start

What do | already understand, and which step do | need to explain?

Do not mark a skill “alone” just because a solution looks familiar. A useful attempt includes the model, the
operations, the check and the interpretation.

Foundations
Two endogenous variables, not one

Income determines consumption, while consumption is part of the spending that must
equal income. Solve the two relationships together. This is a simple, closed-economy
model without taxes, imports or interest-rate feedback.

Y=C+I0+G0

C= C0 + bY
Symbol English meaning Turkge karsiligi
Y National income/output per period Dénem basina milli gelir/Gretim
C Consumption expenditure, endogenous Tlketim harcamasi; icsel degisken
Co Autonomous consumption Gelire bagl olmayan tiketim
lo Autonomous investment, exogenous Dissal yatirrm harcamasi
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Symbol English meaning Turkge karsiligi

Go Government expenditure, exogenous Dissal kamu harcamasi

b Marginal propensity to consume (MPC) Marjinal tuketim egilimi

* Equilibrium value Denge degeri

A New value minus old value Yeni deger eksi eski deger

Turkce explanation

Read autonomous and induced consumption separately

Co is the intercept. bY is induced consumption. With 0 < b < 1, one extra unit of income
raises consumption by b units. All spending and income amounts use the same currency
scale and time period.

AC = bAY (C0 and b fixed)

Tlrkce explanation

An accounting relation is not an automatic equilibrium story

HereY = C + lo + Go is imposed as the model’s goods-market equilibrium condition:
planned spending equals output. The equations identify a consistent pair (Y*, C*); by
themselves they do not prove a time path or a speed of adjustment.

Tlrkce explanation

Why an initial spending increase is not the final income increase

If Go increases while Co, lo and b stay fixed, the new equilibrium must satisfy AY = AC +
AGo. Because AC = bAY, only the fraction 1—b of the income increase is available to
match the autonomous increase.

(1 — b)AY = AGO

Turkce explanation

Read the multiplier as a conditional comparison

The multiplier k = 1/(1—b) compares two equilibria with the same b. If b = 0.5, k = 2; if b
= 0.75, k = 4. A larger b makes the model’s induced-consumption feedback stronger.

k=1/(1-b)>1 when O0<b<1

Tarkce explanation
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A useful geometric explanation - not an extra forecast

The total 1+b+b2+... equals 1/(1—b) when O<b<1. It illustrates why repeated induced

spending gives the same multiplier. Interpreting those terms as literal periods requires an

additional adjustment mechanism.
1+b+b2+...=1/(1 —-Db)

TUurkce explanation

Pause and test your understanding
ME-02-C1

Which quantities are endogenous in this model?
A.Yand C

B. Coand lo

C.Goandb

My choice and the reason, before checking

Turkcge question support | Check later

ME-02-C2

With b = 0.75 and only AGo = 20, which pair is consistent?

A.AY =20,AC=0
B. AY = 80, AC = 60
C. AY = 60, AC = 80

My choice and the reason, before checking

Turkge question support | Check later

Ekonomi Atdlyesi  English first « Tlrkce support

037



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

ME-02-C3

Why may we divide Y—bY=A by 1-b?
A. Because b is a variable we can cancel

B. Because O<b<1 implies 1-b>0

C. Because income is always 1

My choice and the reason, before checking

Turkge question support | Check later

Derivations with reasons
Equilibrium income, one legal operation at a time

Replace consumption by its behavioral equation, then isolate income.
Y=C+lo+ Go

Start from goods-market equilibrium.
C=Co+ bY

Read the consumption rule.

Y =Co+ bY + lo + Go

Substitute Co+bY for C.

Y — bY = Co + bY + lo + Go — bY
Subtract bY from both sides.

Y —bY =Co+ lo+ Go

Cancel +bY—DbY on the right.
(L=Db)Y =Co+ lo+ Go

Factor Y: 1Y—bY=(1-Db)Y.
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(1-b)Y/(1—-b) = (Co+lo+Go)/(1—b)
Divide both sides by 1-b>0.

Y* = (Co + lo + Go)/(1 — b)

The reduced form contains only given values.

Detailed Turkish reasoning

Equilibrium consumption - do not lose the autonomous term

Use Y* in the consumption equation and show the common-denominator step.

C* = Co + bY*

Return to the consumption rule.

C* = Co + b(Co+lo+Go)/(1—Db)
Substitute the entire income fraction.
C* = [Co(1—Db)+b(Co+lo+Go)]/(1—b)
Give Co the same denominator.

C* = [Co—DbCo+bCo+blo+bGo]/(1—-b)
Distribute both products.

C* = [Co+Dblo+bGo]/(1—-b)

Cancel —bCo+bCo.

C* = [Co+Db(lo+Go)]/(1—Db)

Factor b from the last two terms.

Detailed Turkish reasoning

Derive a change formula by subtracting two equilibria

Keep b fixed. Subtract the old equilibrium from the new one rather than memorizing a

multiplier.
(1—b)Y1* = Co,1 + lo,1 + Go,1

Write the new equilibrium.
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(1—Db)Yo* = Co,0 + lo,0 + Go,o

Write the old equilibrium with the same b.
(L—=b)(Y1*=Yo*) = ACo + Alo + AGo
Subtract old from new and factor 1—b.
AY* = [ACo+Alo+AGo]/(1—Db)

Divide by the positive coefficient.

AY* = AGo/(1—b) if ACo=Alo=0

For a government-spending-only change, remove the zero changes.

Detailed Turkish reasoning

Source examples and checked readings

These examples retain the source numbers and mathematical content. The explanations are newly
written. Any checked correction is placed next to the affected calculation.

Source example - PDF p.6

Reconstruct the source’s numbers: Y*=1000, Co=100, lo=150 and Go=250. The
consumption propensity consistent with these values is b=0.5.

Source PDF pages 6

1000 = C* + 150 + 250

Use the equilibrium expenditure equation.

C* = 1000-150-250 = 600

Subtract the autonomous investment and government expenditure.
600 = 100 + 1000b

Use C*=Co+bY*.

600—100 = 1000b - 500=1000b - b=0.5

Subtract 100, then divide by nonzero 1000.
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Y*=(100+150+250)/(1-0.5)=500/0.5=1000

Recompute income from the reduced form.
C*=[100+0.5(150+250)]/0.5=300/0.5=600

Verify consumption’s reduced form too.

1000 = 100+0.5(1000)+150+250

Check the single substituted equation displayed in the source.
Y*=1000; C*=600; k=2

Exam-ready interpretation: The model predicts income of 1000 and consumption of 600
in the same period. Consumption includes autonomous 100 and induced 500. Holding
b=0.5 and other autonomous components fixed, one extra unit of autonomous spending
raises equilibrium income by two units.

TuUrkce source-example reasoning

Worked example
ME-02-W1 Solve income and consumption together

GivenY = C + 100 + 140 and C = 60 + 0.75Y, derive equilibrium Y and C. Verify both
original equations and calculate the spending multiplier. Explain why the income is not
just 60 + 100 + 140.

Tlrkce question | Interpretation answer after trying

Before reading the steps: choose a method and say why it applies

Y =60+ 0.75Y + 100 + 140
Substitute consumption into expenditure.
Y =300 + 0.75Y

Add autonomous spending: 60+100+140=300.

Pause. Predict the next operation and justify it before reading on.
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Y—0.75Y = 300+0.75Y-0.75Y
Subtract 0.75Y from both sides.

0.25Y = 300

Combine 1Y—-0.75Y.

Y* = 300/0.25 = 1200

Divide by 0.25, which is nonzero.

C* = 60+0.75(1200) = 60+900 = 960

Use the consumption rule at the derived income.

960+100+140 = 1200 = Y*
Verify the expenditure condition independently.
k=1/(1-0.75) =4

Read the conditional spending multiplier.

Interpret before reading the model answer

Explain the result, its verification and its economic meaning or limits.

Say your interpretation aloud; note the main result and one reason
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Independent practice

Attempt each problem before the hints. The next page of each problem is for
interpretation and checking. Do not use the solution as a copying exercise.

ME-02-S1 Rebuild a new income model

GivenY = C + 80 + 120 and C = 40 + 0.6Y, derive Y*, C* and the multiplier. Verify both
original equations and explain the autonomous versus induced parts of consumption.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2

Ekonomi Atdlyesi  English first « Tlrkce support 043



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

ME-02-S1 Interpretation and verification

Write a two-sentence exam answer interpreting your computed equilibrium income,
consumption and multiplier. State which quantities are held fixed.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-02-S2 Transfer: spending rises by 20

Start from ME-02-W1. Increase Go from 140 to 160 while Co=60, lo=100 and b=0.75 stay
fixed. Predict the directions, calculate new Y* and C*, then calculate AY and AC. Explain
why the final income change differs from the initial government-spending change.

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-02-S2 Interpretation and verification

Explain in exam language how the autonomous spending increase and the induced
consumption response combine into your calculated income change. Distinguish changes

from final levels.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-02-S3 A formula has a boundary

A student changes ME-02-W1 to b=1 while keeping Co=60, lo=100 and Go=140. They
report an “infinite equilibrium income.” Return to the original equations and decide
whether any finite equilibrium exists. Then explain what changes if all three autonomous

components are zero and b=1.
Turkge prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-02-S3 Interpretation and verification

Explain why undefined division is not an infinite economic equilibrium. Contrast
inconsistency with infinitely many finite solutions.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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Turkce support

Bu bolum dili ve gerekceyi anlamak icindir. Aciklamayi! aynen kopyalama; okuduktan
sonra kendi ¢é6ziimiine don. ingilizce soru sayfalarinda yanitlari gérmeden deneme
yapabilirsin.

Two endogenous variables, not one

Gelir tuketimi etkiler; tuketim de gelire esitlenen toplam harcamanin bir parcasidir. Bu
yuzden “6nce Y'yi biliyoruz, sonra C’yi yaziyoruz” diyemeyiz: Y ve C birlikte belirlenir.
iki denklem, iki icsel bilinmeyen vardir.

Bu Unitede vergi, ithalat, faiz tepkisi ve fiyat dizeyi degisimi yoktur. Kaynagin ilerleyen
vergi/iki ulke modellerini buraya sessizce eklemiyoruz. Sonuclar bu basitlestirmeler
altinda gecerlidir.

Y=C+I0+G0
C=Co+bY

Back to English
Read autonomous and induced consumption separately

Autonomous / otonom: Co bu modelde mevcut gelirden bagimsiz verilmistir; tiketim
dogrusunun Y=0 kesisimidir. “Hicbir kosulda degisemez” anlamina gelmez. Yeni bir
senaryoda Co degisebilir.

Induced / uyarilmis: bY gelirle birlikte degisen tiketimdir. Y bir artinca Co+b(Y
+1)—(Co+bY)=Db. Boylece b’nin anlami dogrudan denklemden cikar. b boyutsuzdur; Y ve
C ayni birimdedir. Co, lo, Go icin negatif olmayan degerler kullandigimiz érneklerde Y* ve
C* de negatif olmayacaktir.

AC = bAY (C0 and b fixed)
Back to English
An accounting relation is not an automatic equilibrium story

Denklemi bu modelin denge kosulu olarak kullaniyoruz: planlanan toplam harcama
uretime esit. Gerceklesmis milli gelir muhasebesiyle her anda gerceklesen planl
harcamayi ayni sey sanma; stok degisimleri gibi konular burada modellenmiyor.

Burada buldugumuz, iki kosulu ayni anda saglayan (Y*, C*) ciftidir. Yildiz “denge”, alttaki
0 ise “otonom/disaridan verilen bilesen” etiketidir; Us veya sifirla carpma degildir.

Back to English
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Why an initial spending increase is not the final income increase
Kamu harcamasi 20 artinca “gelir de yalnizca 20 artar” demek tuketimin gelirle

degistigini g6z ardi eder. Yeni gelir daha yUksek tiketimle birlikte tutarli olmahdir.

iki dengeyi karsilastir: AY=AC +AGo ve AC=bAY. Yerine koyunca AY=DbAY +AGo, yani
(1-b)AY=AGo. 1—-b gelir artisinin tiketilmeyen payidir: marjinal tasarruf egilimi. Bu
yuzden baslangic artisini 1-b’ye bdleriz.

(1 — b)AY = AGO

Back to English

Read the multiplier as a conditional comparison

b=0,5 iken ek gelirin yarisi tiketilir; 1-b=0,5 oldugundan k=2. b=0,75 iken tuketilmeyen
pay 0,25'tir; ayni otonom harcama degisimiyle tutarh gelir degisimi daha blyuktir: k=4.

Bu katsayi gercek ekonomide her zaman ayni buyukltikte gerceklesecek bir politika
garantisi degildir. Modeldeki sabit fiyat, dissallik ve diger sabitler varsayimina baghdir. b
de degisirse eski carpani yeni AG’ye uygulamak yerine iki dengeyi ayri hesapla.

k=1/(1-b)>1 when O0<b<1
Back to English
A useful geometric explanation - not an extra forecast

Bir birimlik ilk harcamanin b’si, sonra b?’si, sonra b3'U kadar yeniden tiketim baglantisi
disinmek carpani sezdirir. Bunu matematikle dogrulayalim: Sh=1+b +...4+b"; bSn=b
+b%+...+b"*1. Cikarinca (1—-b)Sn=1-b"*1, Dolayisiyla Sn=(1—-b"*1)/(1—-b). O<b<1
oldugundan bn+! sifira yaklasir ve toplam 1/(1—b) olur.

Bu bir yardimci matematik aciklamasidir. Statik kaynak modeli tek basina her terimin
bir takvim déoneminde gerceklestigini sdylemez.

1+b+b2+..=1/(1-D)

Back to English

ME-02-C1 Question support

Hangi degiskenleri modelin icinde birlikte ¢c6zlyoruz?

Return to foundations
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ME-02-C2 Question support
b=0,75 sabit ve yalniz Go 20 artarsa gelir/tiUketim degisimleri hangisi olur?

Return to foundations

ME-02-C3 Question support

Y —bY=A ifadesinde neden 1—-b’ye bdlebiliriz?

Return to foundations

Equilibrium income, one legal operation at a time

C bir bilinmeyen oldugu icin onu silmiyoruz; C’'nin neye esit oldugunu kullanip Y cinsinden
yazlyoruz.

Y=C+lo+ Go

Planlanan harcamayla gelirin esit olmasi gerekiyor.

C =Co+ bY

Otonom ve gelire bagli tiketim bilesenlerini ayir.

Y = Co + bY + lo + Go

C’nin yerine tum Co+DbY ifadesi gecer; bY’yi atlama.

Y — bY = Co + bY + lo + Go — bY

Esitligi korumak icin iki yanda ayni ¢cikarma var.

Y —bY =Co + lo + Go

Gelir terimlerini solda topladik; sagda yalniz dissal degerler kaldi.
(L=Db)Y =Co+ lo+ Go

Y —b degildir: b, Y'nin katsayisidir. Ortak carpan Y parantez disina alinir.
(1-b)Y/(1—b) = (Co+lo+Go)/(1—b)

0<b<1 bolmenin gecerli olmasini saglar; b=1 olsaydi ayni islem yapilamazdi.

Y* = (Co + lo + Go)/(1 — b)
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Y* yalniz Co, lo, Go, b ile yaziliyor. Bu nedenle indirgenmis bicimdir; tek denge geliri, sifir
olmayan katsayi sayesinde bulunur.

Back to English
Equilibrium consumption - do not lose the autonomous term

Geliri bulduktan sonra C*'yi de hesaplamaliyiz. Kaynak s 6 bu ikinci indirgenmis bicimi
cikariyor.

C* = Co + bY*

Denge tuketimini hesaplamak icin ayni davranis denklemine geri don.
C* = Co + b(Co+lo+Go)/(1—Db)

b kesrin tamamini carpar; yalniz Co’yi veya yalniz lo’yl carpmaz.
C* = [Co(1—Db)+b(Co+lo+Go)]/(1—b)

Co=Co(1-b)/(1-b); 1 ile carptigimiz icin deger degismiyor.

C* = [Co—bCo+bCo+blo+bGo]/(1—b)

Co(1—b)=Co—bCo; b(Co+lo+Go)=bCo+blo+bGo.

C* = [Co+Dblo+bGo]/(1—b)

Otonom tuketim Co yok olmaz; sadece karsit bCo terimleri gider.
C* = [Co+b(lo+Go)]/(1—Db)

blo+bGo=Db(lo+Go). Kontrol icin C*+lo+Go ifadesinin Y* verdigini de dogrula.

Back to English
Derive a change formula by subtracting two equilibria

A isareti yeni eksi eski demektir. Sabit b varsayimi bu ¢cikarma icin 6nemlidir.
(1—-b)Y1* = Co,1 + lo,1 + Go,z1

Alt etiket 1 yeni senaryoyu gosterir; Co,1 otonom tiketimin yeni degeridir.
(1—Db)Yo* = Co,0 + lo,0 + Go,o

0 eski senaryoyu gosterir. Bu alt etiketler, otonom bilesendeki 0’dan farkli bir gorevde;
amac yalniz iki senaryoyu ayirmaktir.
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(1—-b)(Y1*=Yo*) = ACo + Alo + AGo

Sagdaki her degisim yeni deger eksi eski degerdir. Ayni katsayi 1—b solda ortak carpan

olur.

AY* = [ACo+Alo+AGo]/(1—b)

Bu formul b sabitken birden fazla otonom harcama degisimini de kapsar.
AY* = AGo/(1—b) if ACo=Alo=0

Yalniz Go degisiyorsa diger iki A sifirdir. Carpan k=AY*/AGo=1/(1-b), AGo#0 icin
tanimlanir.

Back to English
Source example - PDF p.6

Kaynak érneginin butun sayilar: Y*=1000, Co=100, lo=150, Go=250. Kaynaktaki 0,5
katsayisini da dogrudan denklemlerden dogrulayalim.

Source PDF pages 6

1000 = C* + 150 + 250

Gelir 1000 ve iki dissal harcama 150,250 oldugundan 6nce C*'yi bulabiliriz.
C* = 1000-150-250 = 600

iki dissal harcamayi gelirden ¢ikardik; kalan tiketim 600.

600 = 100 + 1000b

Buldugumugz tuketim ile verilen geliri tiketim denklemine koy.
600—100 = 1000b - 500=1000b - b=0.5

Marjinal tiketim egilimi 0,5 bulunur;0<b<1 kosulunu saglar.
Y*=(100+150+250)/(1-0.5)=500/0.5=1000

Verilen denge gelirini bagimsiz bir yoldan dogruladik.
C*=[100+0.5(150+250)]/0.5=300/0.5=600

Parantez 400, bunun yarisi 200; pay 100+200=300;0,5"e bdlunce 600.
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1000 = 100+0.5(1000)+150+250
100+500+150+250=1000; butun kaynak sayilari ayni dengeyle uyumlu.
Y*=1000; C*=600; k=2

Sinav yorumu yalniz sayilari tekrar etmemeli: gelir ve tuketim ayni donemin farkli
buyuklUkleridir. Tuketimin 100 birimi otonom, 500 birimi gelire baglidir. Carpanin 2
olmasi, tiketimin gelirin iki kati oldugu anlamina gelmez; b ve diger bilesenler sabitken
iki denge arasindaki degisim oranini anlatir.

Back to English
ME-02-W1 Worked example support

Y=C +100+140 ve C=60+0,75 Y icin Y* ve C*¥'yi turet. iki baslangic denkleminde de
kontrol et. Harcama carpanini bul ve gelirin neden yalniz 60+100+140 olmadigini acikla.

Y =60 + 0.75Y + 100 + 140

C’nin yerine 60+0,75 Y yazdik; 1o=100 ve Go=140 dissal.

Y =300 + 0.75Y

300 ilk otonom bilesendir; toplam gelir sonucu degildir.
Y—0.75Y = 300+0.75Y-0.75Y

Sagdaki gelir terimini yok etmek icin esitligin iki yaninda ayni islem var.
0.25Y = 300

1-0,75=0,25; Y'nin tamamini kaybetme.

Y* = 300/0.25 = 1200

0,25’e bolmek 4 ile carpmaya esittir.

C* = 60+0.75(1200) = 60+900 = 960

Denge tuketimi 960; bunun 60’1 otonom, 900’0 gelire bagli.
960+100+140 = 1200 = Y*

Yalniz formile givenmek yerine baslangic¢ esitligine donlyoruz.
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k=1/(1-0.75) =4
Diger otonom degerler ve b sabitken 1 birimlik ek otonom harcama iki denge arasinda
geliri 4 artirir.

Return to the worked example
ME-02-S1 Question support

Y=C +80+120, C=40+0,6 Y. Y*, C* ve carpani turet; iki denklemi denetle. Tuketimin
otonom ve uyarilmis parcalarini ayir.

Buldugun denge geliri, tiketim ve carpani iki sinav cimlesiyle yorumla. Hangi
buyuklUklerin sabit tutuldugunu belirt.

Return to the problem
ME-02-S2 Question support

W 1'den basla; yalniz Go 140’tan 160’a ciksin. Yeni Y*, C*, AY ve AC'yi bul. Once yénleri
tahmin et; son gelir degisiminin ilk kamu harcamasi degisiminden neden farkli oldugunu
acikla.

Otonom harcama artisi ile uyariimis tiketim tepkisinin buldugun gelir degisimini nasil
olusturdugunu sinav diliyle acikla. Degisimleri son dlzeylerden ayir.

Return to the problem

ME-02-S3 Question support

W 1'de b=1 yapiliyor; diger degerler sirasiyla 60, 100 ve 140. Bir 6grenci “sonsuz denge
geliri” diyor. Baslangic denklemlerinden sonucun neden gecerli olmadigini acikla. Sonra
b=1 ve butlin otonom bilesenler 0 olursa ne degisir?

Tanimsiz bélmenin neden sonsuz ekonomik denge olmadigini acikla; celiskiyle cok sayida
sonlu ¢c6zumu karsilastir.

Return to the problem
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Hints Level 1 Choose the strategy

Use one hint, then go back and try. The second level gives a more specific intermediate move.
ME-02-S1

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlar ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-02-S2

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-02-S3

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2
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Hints Level 2 One useful next move
ME-02-S1
Substitute first: Y=240+0.6Y. The remaining coefficient of Y is 1-0.6, not 0.6.

Once otonom toplami bul: 40+80+120=240. iki yandan 0,6 Y cikarinca 0,4 Y kalir.

Return and complete your attempt

ME-02-S2

Use either the new equilibrium or AY=AGo/(1-Db), then verify with the other route.
Consumption changes by bAY because Co is fixed.

Yeni otonom toplam 320. Alternatif kontrol: AGo=20 ve ¢arpan 4; gelir 80 artmali. Co sabit oldugu icin
AC=0,75AY.

Return and complete your attempt

ME-02-S3
Do not divide by zero. Substitute b=1 before rearranging. Compare 0=300 with the
special case 0=0.

Y=300+Y ifadesinin iki yanindan Y ¢ikar. 0=300 mUmkidn mu? Otonom toplam 0 olursa ayni ¢ikarma hangi
esitligi verir?

Return and complete your attempt
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Solutions and model interpretations

ME-02-W1 Model interpretation

The internally consistent economy has income 1200 and consumption 960 per period.

The 300 autonomous total is amplified through the consumption-income relationship; it is

not the final income. This is a comparison of model equilibria, not a guaranteed time

path.

Doénemlik gelir 1200, tiketim 960°dir. Co+lo+Go=300 yalniz otonom harcamalarin
toplamidir; bY=900 ek tuketimle birlikte harcama 1200 olur. Ayni birimleri koru. Carpani
zaman icindeki kesin hiz veya gercek dunya politika garantisi gibi yorumlama.

ME-02-S1 Solution
Y=40+0.6Y+80+120=240+0.6Y

Substitute C and collect constants.

TUketim denklemindeki iki parcayi da yerine koy.

Y—0.6Y=240+0.6Y-0.6Y

Subtract the same income term from both sides.

Sagdaki +0,6 Y ve —0,6 Y sadelesir.
0.4Y=240 - Y*=240/0.4=600

Factor Y and divide by 0.4.

Kalan katsayl 1-0,6=0,4.
C*=40+0.6(600)=40+360=400

Find consumption and its parts.

40 otonom, 360 gelire bagh tiketim.
400+80+120=600; k=1/0.4=2.5

Verify expenditure and calculate the multiplier.

iki baslangic kosulu da saglandi; carpan boyutsuzdur.
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Model English interpretation

Income is 600 and consumption 400. Of consumption, 40 is autonomous and 360
induced. A one-unit autonomous spending change produces a 2.5-unit equilibrium
income change if b and other autonomous components stay fixed.

Turkce reasoning

Y*=600, C*=400. Carpan 2,5 “gelirin 2,5 kati tuketilir” demek dedgildir; bir otonom
harcama degisimi ile denge gelir degisimi arasindaki orani anlatir.

Check your explanation

1 Distinguishes income from consumption and uses the same period/units.

[ Separates autonomous 40 from induced 360 consumption.

[ Interprets k as an equilibrium change ratio with b fixed, not a consumption share.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-02-S2 Solution
Y=60+0.75Y+100+160=320+0.75Y

Write the new equilibrium.

Yalniz Go degisti; tiketim egilimini degistirme.
Y—0.75Y=320 - 0.25Y=320

Subtract 0.75Y and factor.

Ayni yasal cebir adimlari yeni otonom toplam icin kullanilir.
Y1*=320/0.25=1280

Divide by the positive coefficient.

Gelir eski 1200'den 1280’e cikar.
C1*=60+0.75(1280)=60+960=1020

Use the unchanged consumption function.

TUketim eski 960'dan 1020’ye cikar.
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AY=1280—-1200=80; AC=1020-960=60

Subtract old equilibrium values.

A yeni eksi eski demektir; yeni dizeylerle degisimleri karistirma.
AY=AC+AGo=60+20=80; 1020+100+160=1280

Check both the changes and the new levels.
80'in 60’1 uyarilmis tiketim artisi,20'si ilk kamu harcamasi artisidir.
Model English interpretation

The 20-unit government-spending increase is accompanied by 60 more units of
consumption, so total equilibrium income rises by 80. The unchanged MPC makes the
change formula valid.

Turkce reasoning

lIk harcama 20 ile son gelir artisi 80 farklidir. Gelirin tiiketimi artirma baglantisi yeni
dengeye dahildir. Bu aciklama, belirli bir zaman hizi veya ka¢ donemde gerceklesecegi
iddiasI tasimaz.

Check your explanation

[ States AGo=20, AC=60 and AY=80.

[0 Checks the spending-change identity 80=60+20.

1 Keeps b,Co,lo fixed and does not claim a guaranteed adjustment speed.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-02-S3 Solution
Y=60+Y+100+140=300+Y

Substitute b=1 in the original model.

Standart O<b<1 varsayiminin disina ¢iktigimizi acikca not et.
Y-Y=300+Y-Y -» 0=300

Subtract Y from both sides.

Bu celiskiyi hicbir sonlu Y dizeltemez.
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No finite equilibrium; 300/(1—1) is undefined

Reject division by zero, not just a large answer.

Sifira bélme bir sayi Gretmez; “sonsuz denge” sonucu bu esitliklerden ¢ikmaz.
If Co=lo=Go=0 and b=1: C=Y and Y=C -» 0=0

Check the special zero-autonomous case separately.

Celiski yerine 6zdeslik gelir; esitlik tek bir gelir secemez.
Every nonnegative Y with C=Y satisfies that special case

Conclude infinitely many feasible pairs, not one infinite value.

Cok sayida sonlu ¢c6zim olmasi ile sonsuz blUyUklUkte tek ¢c6zim ayni sey degildir.
Model English interpretation

The standard multiplier requires 1—-b=0. At b=1, positive autonomous spending makes
the equations inconsistent. If autonomous spending is zero instead, the equations are
dependent and do not select a unique income.

Turkce reasoning

Formulin kosulu modelin mantiginin parcasidir. Pozitif otonom toplamla b=1 celiski; sifir
toplamla b=1 tek dengeyi belirlemeyen bir sistem verir. “b, 1’e yakinken buyUk garpan”
ile “b = 1 iken bélme” ayni islem degildir.

Check your explanation

[0 Recognizes that b=1 violates the standard O<b<1 assumption.

[1 Uses 0=300 to establish no finite equilibrium for positive autonomous spending.

[ Uses 0=0 to explain non-uniqueness when all autonomous spending is zero.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
Concept check answers

ME-02-C1 Answer A

Y and C must satisfy both equations. Co, lo, Go and b are given within a scenario.

Y ve C modelin sonuclaridir. Co, lo, Go, b ise bir senaryoda disaridan verilir. Dissal bir degeri degistirmek
yeni senaryodur.

If you chose differently: Ask which symbols remain unknown after the parameters and autonomous
spending are supplied.
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Hangi sayilar verilmis, hangi iki sonucu bulmak istiyoruz? Tuketimin hem harcama denkleminde hem
davranis denkleminde yer aldigini fark et.

ME-02-C2 Answer B

AY=20/(1-0.75)=80 and AC=0.75x80=60. Check: 80=60+20.
Payda 0,25; 20/0,25=80. Tuketim 60 artar. Harcama artisi 60+20=80 oldugundan iki denklem birlikte

saglanir.
If you chose differently: The income change must equal the consumption change plus 20, and

consumption changes by 0.75 of income.
AY=AC +20 ile AC=0,75AY’yi ayni anda saglamayan secenek denge karsilastirmasi olamaz.
ME-02-C3 Answer B

Factor Y first: Y=bY=(1—b)Y. The coefficient is strictly positive, so division is legal.
Y'nin katsayisi 1'dir: 1 Y —bY=(1-b)Y. 0<b<1 oldugundan 1-b sifir degildir.

If you chose differently: Identify the common factor and the condition on the proposed divisor.
Y —bY ifadesini Y(1—b) biciminde yaz; sonra b=1 olsa ne olacagini disun.
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Reflection and a second attempt

For each skill, mark: not yet / with help / alone. “Alone” means you can demonstrate it with the
explanation closed.

1 Not yet [0 With help [J Alone
| distinguish endogenous income/consumption from autonomous components.

1 Not yet [0 With help [J Alone
| derive Y* and C* and verify both original equations.

1 Not yet [0 With help [J Alone
| derive the fixed-b change formula and explain 1-b.

1 Not yet [0 With help [J Alone
| reject division by zero and distinguish inconsistency from non-uniqueness.

Formull kapatinca Y —bY=(1—b)Y adimini, tiUketimde ortak paydayi ve AY carpanini nedenleriyle
kurabiliyor muyum? b sabit degilse veya b = 1 ise neyin degisecegini aciklayabiliyor muyum? Yardimla

yaptigim ¢6zimu yardimsiz tekrar etmeden “kendim ¢6zdim” diye isaretlemem.

The first step | could not explain, and the check | will use next time

Next attempt: problem ID and date

Progress is manual. Keep the first attempt visible; use a new page or a different pen colour for the retry.

Source scope

Directly verified PDF pp.5-7: Keynesian Y=C+lo+Go, C=Co+bY, 0<b<1; reduced forms for Y* and C%*;
fixed-b AY formula and G-only multipliers b=.5/.75. Source numeric check Co=100,l0=150,Go=250,b=.5
gives Y*=1000,C*=600. W1/S1-S3 are original. Geometric-series intuition and b=1 diagnostic are clearly
supplemental explanations; no tax or two-country model is introduced here. This is a source-based unit,

not an official syllabus.
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ME-03 Two-Commodity Market Model

Source PDF pages 8-12 (first half of p.12)

Build two market-clearing equations, solve them jointly, and explain cross-price effects
without confusing them with own-price movements.

Foundations | Derivations | Source examples | Worked example | Independent practice | Turk¢e support |
Hint levels 1 and 2 | Solutions and English interpretations | Reflection and retry

Before you start

What do | already understand, and which step do | need to explain?

Do not mark a skill “alone” just because a solution looks familiar. A useful attempt includes the model, the
operations, the check and the interpretation.

Foundations

One market is no longer isolated

The quantity demanded or supplied of each good may depend on both prices. A joint
equilibrium requires Qd:1=Qs1 and Qd>=Qs: at the same price pair (P1,P2).

Qd: = ao+ai1Pi1+az2P2
Qs1 = bo+biPi+b2P2
Qd2 = ao+01P1+a2P2
Qs2 = Bo+P1P1+B2P2

Symbol English meaning Turkge karsihigi

P1,P2 Prices of goods 1 and 2 Birinci ve ikinci malin fiyatlari

Qd;,Qsi Planned demand and supply of good i i malinin talep/arz miktarlari

a0,bo, 0, Bo Intercept parameters Sabit terimler / kesisim parametreleri

a1,az,b1,bz,cxl,

(Xz,Bl,Bz

Price-response coefficients
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Symbol English meaning Turkge karsiligi
a,B Greek alpha and beta, coefficient labels  Alfa ve beta; yeni fiyat degiskenleri degil
Ci,gi Differences between demand and Talep eksi arz katsayilari

supply coefficients

D C1g2—C2g1, a uniqueness check Tek ¢6zum icin kontrol edilen katsayi
birlesimi

Turkce explanation
Subscripts identify roles

In Qdi, d means demand and 1 identifies the good. In azP2, the 2 identifies the price
whose coefficient is being used. All coefficients are fixed within one scenario.

Turkce explanation
Normalize notation, not economic meaning

The source groups coefficient differences into co,c1,c2 and a second family written here as
Jo,d1,92. These are abbreviations, not additional assumptions or new unknowns.

¢ =ai—bi; g =a—Bi fori=0,1,2

Tlrkce explanation

Own price and the other good’s price answer different questions

For good 1, a1<0 is the usual downward own-price demand effect. Holding P1 fixed, a2>0
means that a higher P2 raises demand for good 1: a substitute effect. If a2<0, the
cross-price effect is complementary.

Holding P1 fixed: AQd1 = a:2AP2

Turkce explanation

Repeat the logic for good 2

In the second demand equation, az is the own-price coefficient and a1 is the cross-price
coefficient. Thus 02<0 is the usual own-price sign; a:>0 indicates a positive substitute
effect from P1 to demand for good 2.

Holding P2 fixed: AQdz2 = a1AP:1

Turkce explanation
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An initial disturbance can reach the other market

If demand for good 1 shifts, P1 may change. That price change enters good 2’'s demand or
supply equation, so the second equilibrium price generally must be recomputed. A price
held fixed for interpreting a coefficient is not necessarily fixed in the final joint
equilibrium.

TUurkce explanation

Pause and test your understanding
ME-03-C1

Which conditions define joint equilibrium?

A. Pi=Pz2 and Q:=Q2

B. Qd:1=Qs: and Qd2=Qs: at the same price pair

C. Qd1=Qsz2 only

My choice and the reason, before checking

Turkcge question support | Check later

ME-03-C2

In Qd1=16—2P1+P2, what happens when only P2 rises by 17
A. It falls by 2

B. It rises by 1, a positive cross-price effect

C. P1 must instantly rise by 1

My choice and the reason, before checking

Turkge question support | Check later
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ME-03-C3

If c1=0 but D=c1g92—c29:#0, what follows?

A. The entire system has no solution

B. The first substitution route fails, but another elimination route gives a unique solution
C. We may divide by c1 anyway

My choice and the reason, before checking

Turkge question support | Check later

Derivations with reasons
Source model reduction - PDF pp.10-11

Turn the two demand-supply equalities into two linear equations in prices.
ao+ai1Pi1+az2P2 = bo+bi1P1+b2P2

Clear market 1.

ao+aiP1+az2P2—bo—b1P1—b2P2=0

Subtract the complete supply expression from both sides.
(ao—bo)+(a1—b1)P1+(az—b2)P2=0

Group constants and like price terms.

Co+Ci1P1+C2P2=0

Define co=ao—bo, ci=a1—bi1, cz=az—D..

Qo+ a1P1+0a2P2 = Bo+P1P1+B32P2

Clear market 2.

(ao—Po)+(a1—P1)P1+(02—PB2)P2=0

Subtract market 2 supply and collect terms.
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go+g1P1+g2P2=0

Define gi=ai—p..

Detailed Turkish reasoning

Source substitution, with every divisor checked - PDF pp.11-12

This particular substitution starts by dividing by ci1, so it requires c1#0. The final price

denominator must also be nonzero.
Co+Ci1P1+C2P2=0

Start with the first reduced equation.
C1P1=—Co—C2P2

Subtract co and c2P2 from both sides.
Pi=—co/C1—(c2/c1)P2 (c1#0)
Divide every term by ca.
go+g1[—co/c1—(c2/c1)P2]+g2P2=0
Substitute this expression for P1 in equation 2.
go—Qg1Co/C1—(g1C2/C1)P2+g2P2=0
Distribute ga.
go—Q1Co/C1+[g2—Qg1C2/C1]P2=0
Factor P2 from its two terms.

go—Qg1Co/C1=[g1C2/C1—Q2]P2

Subtract the P2 term, reversing the coefficient’s sign.

P2*=[go—gicCo/C1]/[g1C2/C1—Q2]
Divide by the bracketed coefficient, if nonzero.
P2*=(Cc190o—0g1Co)/(g1C2—C1Q2)

Multiply numerator and denominator by nonzero cu.
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D=c192—C291; P2*=(cog1—C1g0)/D

Multiply numerator and denominator by —1.

Detailed Turkish reasoning
Complete the omitted P. result without dividing by c1

The source asks for P1*. Elimination supplies the result and makes clear why D=0 is the
joint unigueness condition.

C1P1+C2P2=—Co; g1P1+g2P2=—-Qo

Put constants on the right.

g2C1P1+g2C2P2=—Q2Co

Multiply the first equation by g-.
C291P1+C292P2=—C2Qgo

Multiply the second equation by c..
(c1g2—C291)P1=—Co0Qg2+C2Qo0

Subtract the second multiplied equation from the first.
P1*=(C2go—Cog2)/D (D=0)

Divide by D.

P2*=(cog1—C1go)/D

Obtain the matching P> formula by eliminating Pa.
Qi*=ao+ai1P1*+az2P2*=bo+b1P1*+b2P2*

Recover and verify quantity in market 1.
Q2*=00+a1P1*+a2P2*=Bo+B1P1*+B2P2*

Recover quantity in market 2 and check feasibility.

Detailed Turkish reasoning
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Source examples and checked readings

These examples retain the source numbers and mathematical content. The explanations are newly
written. Any checked correction is placed next to the affected calculation.

The source develops the symbolic model for this unit without a separate numerical
example. Its full source derivation is in the preceding section. The next worked example
uses fresh numbers.

Worked example
ME-03-W1 Two substitute-linked goods

Let Qd1=16—2P1+P2, Qs1=2+P1, Qd2=9+P1—2P2 and Qs2=3+P2. Derive both equilibrium
prices and quantities. Verify all four schedules and explain the positive cross-price
coefficients without claiming that the prices must be equal.

Turkce question | Interpretation answer after trying

Before reading the steps: choose a method and say why it applies

16—2P1+4+P2=2+P1
Clear market 1.
16—2=P1+2P1—P2 » 14=3P:1—P2

Subtract 2 and add 2P:1—P: to both sides.

Pause. Predict the next operation and justify it before reading on.

9+P1—2P2=3+P2 - 6=—P1+3P2

Clear market 2 and collect its price terms.
P2=3P.1—14

Solve the first equation for P-.
6=—P1+3(3P1—14)

Substitute P2 into the second equation.
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6=—P1+9P1—42=8P1—42

Distribute and collect like terms.
48=8P1 —» P1*=6

Add 42 and divide by 8.
P2*=3(6)—14=4

Return to the substitution expression.
Qdi1=16—-12+4=8; Qs1=2+6=8
Verify market 1 quantity.
Qd2=9+6—-8=7; Qs2=3+4=7
Verify market 2 quantity.

Interpret before reading the model answer

Explain the result, its verification and its economic meaning or limits.

Say your interpretation aloud; note the main result and one reason
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Independent practice

Attempt each problem before the hints. The next page of each problem is for
interpretation and checking. Do not use the solution as a copying exercise.

ME-03-S1 Rebuild with fresh intercepts

Solve Qd1=21—2P1+P2, Qs1=2+P1, Qd2=10+P1—2P2 and Qs2=3+P2. Derive
P1*,P2*,Q1*,Q2*, verify all schedules, and write a short economic interpretation.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-03-S1 Interpretation and verification

Write an exam answer assigning each price and quantity to its own market. Explain why
Q1#Q2 does not contradict equilibrium.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing

Ekonomi Atdlyesi  English first « Tlrkce support 073



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

ME-03-S2 A demand shift spills into the other market

Start from ME-03-W1 and raise only the first demand intercept from 16 to 24. All other
coefficients stay fixed. Find the new prices and quantities, calculate each change, and
explain why market 2 changes although its own equation parameters do not. Also
calculate excess demand in market 1 at the old price pair.

Turkge prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-03-S2 Interpretation and verification

Write an exam answer distinguishing the initial demand shift, the cross-price effect on
good 2, and movements along unchanged supply schedules. State what is held fixed.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-03-S3 Two individually readable equations may conflict

A proposed two-market model reduces to 3P1—P2=14 and 6P1—2P>=30. Does a joint
equilibrium price pair exist? Then replace 30 by 28: does the revised system choose a
unique pair? Explain what the reduced equations alone can and cannot tell you about

positive traded quantities.
Turkge prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-03-S3 Interpretation and verification

Give an exam answer distinguishing inconsistency, non-uniqueness and economic
feasibility. Do not call every zero denominator “no equilibrium.”

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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Turkce support

Bu bolum dili ve gerekceyi anlamak icindir. Aciklamayi! aynen kopyalama; okuduktan
sonra kendi ¢é6ziimiine don. ingilizce soru sayfalarinda yanitlari gérmeden deneme
yapabilirsin.

One market is no longer isolated

lIk Unitede tek malin fiyati vardi. Simdi birinci malin miktari ikinci malin fiyatindan da
etkilenebilir. Bir piyasayi ¢ozup diger fiyati rastgele birakmak yeterli degildir.

iki piyasa temizlenme kosulu ayni (P1, P2) cifti icin saglanmalidir. P1 ile P2 birbirine esit
olmak zorunda degil; farkli mallarin fiyatlaridir. Esitledigimiz, her malin kendi arz ve
talep miktanidir. Q. ile Q2'yi de birbirine esitlemiyoruz.

Qdi1 = ao+aiPi+az2P2
Qsi1 = bo+biP1+b2P2
Qd2 = ao+a1P1+0a2P2
Qs2 = Bo+P1P1+B2P2

Back to English
Subscripts identify roles

Qdi'deki d ve 1 carpilan sayilar degil, etiketlerdir. az ise birinci malin talebindeki P
katsayisidir. az de P2 katsayisidir ama ikinci malin talep denklemindedir. Bu yuzden a2 ile
a2 ayni ekonomik roli oynamaz.

Fiyatlarin ve her malin miktarlarinin birimleri tutarli olmahdir. az"nin birimi “birinci mal
miktari / ikinci mal fiyati”dir; a1’in birimi “ikinci mal miktari / birinci mal fiyati”dir. iki malin
miktarlarn farkh fiziksel birimlerde olabilir; yalniz ayni malin arzi ve talebi ayni donemde
ayni birimle karsilastirlir.

Back to English
Normalize notation, not economic meaning

Kaynak s.10-12, uzun denklemleri katsayi farklariyla kisaltir. ikinci ailenin el yazisi
sembollini okunabilirlik icin g ile gésteriyoruz: gi=ai—B.. ilk aile ci=ai—bi'dir. Bu ¢, énceki
tek-piyasa modelindeki pozitif arz kesisimi buyUkligUyle ayni parametre degildir; her
modelin sembol s6zIGgund yeniden oku.

ci ve gi'nin tamaminin pozitif oldugunu varsaymiyoruz. Birer katsayi farki olduklari igin
isaretleri verilerden cikar.
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¢i = ai—by; g = ai—Bi fori=0,1,2
Back to English

Own price and the other good’s price answer different questions

Kendi fiyat etkisi: Pz sabitken P1 bir artarsa Qdi, a1 kadar degisir. a1 negatifse ayni talep

iliskisi Uzerinde talep edilen miktar duser.

Capraz fiyat etkisi: P1 sabitken P2 bir artarsa Qdi, a2 kadar degisir. az pozitifse ikinci
mal pahalaninca birinci mala yonelme vardir: bu dogrusal talep fonksiyonunda ikame
etkisi. a2 negatifse birlikte kullanilan mallardaki tamamlayicilik yonuna gosterir.

a1<0 tek basina “ikame” demek degildir; ikame/tamamlayicilik yorumunu ¢capraz fiyat
katsayisinin isareti verir. Kaynaktaki isaret notunu bu ayrimla okumaliyiz.

Holding Pi1 fixed: AQd:1 = a2AP2

Back to English

Repeat the logic for good 2

indis degisince ekonomik gérev de degisir. ikinci malin kendi fiyati P2 oldugundan kendi

fiyat katsayisi az2'dir. Diger malin fiyati P1 oldugundan capraz katsay! ai'dir.

a1<0 tamamlayici yonu; a1=0 bu dogrusal denklemde capraz fiyat etkisi olmadigini
gosterir. Kaynak her iki talep fonksiyonundaki isaretleri ayri yazar. Burada teorik olarak
az=au esitligi dayatmiyoruz; mallarin birimleri ve tepkileri farkh olabilir.

Holding P2 fixed: AQd2 = a1AP:1

Back to English

An initial disturbance can reach the other market

Bir katsayinin anlamini anlatirken “diger fiyat sabit” deriz. Fakat butin sistemin yeni

dengesini ¢cozerken fiyatlari i¢csel olarak birlikte belirleriz. Bu iki islem farkhdir.

Ornekte birinci malin talep kesisimi artacak. ilk anda eski fiyat ciftinde birinci piyasada
talep fazlasi dogar; yeni ortak dengeyi hesaplarken ikinci fiyat da degisir. Bu bir

karsilastirmali statik yorumdur, fiyatlarin hangi hizla veya hangi sirayla uyum sagladiginin

kaniti degildir.

Back to English
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ME-03-C1 Question support
iki mal icin ortak dengeyi hangi esitlikler tanimlar?

Return to foundations

ME-03-C2 Question support
P1 sabitken P2 bir artarsa birinci malin talep edilen miktari nasil degisir?

Return to foundations
ME-03-C3 Question support

c1 sifir fakat D sifir degilse nasil distinmeliyiz?

Return to foundations
Source model reduction - PDF pp.10-11

Kaynagin kisaltmalarini tek tek kur; bir katsayinin nereden geldigi kaybolmasin.
ao+aiP1+az2P2 = bo+biP1+b2P2

Birinci malin talep ve arzini ayni P1, P2 degerlerinde esitle.
ao+aiP1+az2P2—bo—b1P1—b2P2=0

Sagdaki u¢ terimin timunu cikar; eksi isareti bttin terimlere dagilir.
(ao—bo)+(a1—bi)Pi+(a2—b2)P2=0

P1 icerenleri ve Pz icerenleri ayri ayri ortak carpanina ayir.
Co+Ci1P1+C2P2=0

Bu yeni denklem ayni esitligin daha kisa yazimidir.

Qo+ a1P1+0a2P2 = Bo+B1P1+B2P2

ikinci malin kendi arz-talep kosulunu kur.
(ao—PBo)+(at1—P1)P1+(02—B2)P2=0

Ayni islem ikinci piyasaya uygulanir; o ve B katsayilarini a, b ile karistirma.
go+g1P1+g2P2=0

Artik iki bilinmeyen fiyat ve iki dogrusal denklem var.

Back to English
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Source substitution, with every divisor checked - PDF pp.11-12

Kaynakta kullanilan yerine koyma yolu icin ci#0 gerekir. Ara bolmelerin kosulunu
yazmadan formulu kullanma.

Co+Ci1P1+c2P2=0

Once P:'i yalniz birakacagiz.

CiPi=—cCo—C2P2

Sadece isaret atlatmiyoruz; iki tarafa ayni iki cikarma uygulaniyor.
Pi=—co/c1—(c2/c1)P2 (c120)

Sagdaki iki terim de ci’e bolundr. ci sifirsa bu adim kullaniimaz.
go+gi[—Co/c1—(C2/C1)P2]+g2P2=0

P1'in tamamini parantez icinde yerine koy; g1 her iki terimi carpar.
go—g1Co/C1—(g1C2/C1)P24+g2P2=0

iki eksi terimin isaretlerini koru.

go—Q1Co/C1+[g2—g1C2/C1]P2=0

P2"nin katsayisi g2—gicz/ca olur.

go—Q1Co/C1=[g1C2/C1—Q2]P2

iki yandan [gz—gicz2/c1]P2 ¢ikarinca karsit katsayi elde edilir.
P2*=[go—g1Co/C1]/[g1C2/C1—Q2]

Bu, kaynak s.12’deki kesirli bicimdir. Paydanin sifir olmadigini ayrica kontrol et.
P2*=(c1go—Qg1Co)/(g1C2—C1Q2)

Pay ve paydayi ayni sifirdan farkli saylyla carpmak kesri degistirmez; ic kesirler kaybolur.
D=c192—C291; P2*=(Cog1—C1g0)/D

Standartlastiriimis D isaretini kullandik. Payin isaretini degistirmeden yalniz paydayi
degistirmek yanlis olur.

Back to English
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Complete the omitted P. result without dividing by c:

Kaynak s.12'de P* soru olarak birakiimis. ikinci fiyati tamamlamakla yetinmeyelim; P:
formalinU de gerekgesiyle turetelim.

C1P1+C2P2=—cCo; g1P1+g2P2=—Qo

Her denklemden sabit terimi cikar.

g2C1P1+g2C2P2=—g2Co

Amac P2 katsayilarini esitlemek.

C291P1+C292P2=—C2go

Iki carpma da esitligin iki yaninda uygulanir.

(C1g2—C2g1)P1=—Co0g2+C2Qo0

P2 terimleri g2c2—c292=0 olur; sagdaki ¢cikarma eksi isaretine dikkat gerektirir.
P1*=(c2go—Cog2)/D (D#0)

Bu yolda ci’e bolmedik. D=0 tek ¢ozum icin yeterlidir; D sifirsa formul yerine denklem
tutarhligini incelemek gerekir.

P2*=(cog1—C1Q0)/D
ilk denklemi g1, ikinciyi c1 ile carpip uygun ydnde cikarinca ayni D’li sonuc gelir.
Qi*=ao+ai1P1*+a2P2*=bo+b1P1*+b2P2*

Fiyat cifti tek basina tam ekonomik cevap degildir; miktari her iki orijinal denklemde
hesapla.

Q2*=0o0+a1P1*+02P2*=Bo+B1P1*+[B2P2*

P1, P2, Q1, Q2 icin ekonomik alani denetle. D#0 tek cebirsel fiyat cifti demektir; otomatik

pozitiflik veya dinamik istikrar demek degildir.

Back to English

ME-03-W1 Worked example support

Verilen dort fonksiyondan iki denge fiyatini ve miktarini bul. Dordunde de yerine koyarak

kontrol et. Pozitif capraz fiyat katsayilarinin anlamini acikla; iki malin fiyatlarini birbirine

esitleme.
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16—2P1+P2=2+P:

Birinci malin talebini kendi arzina esitledik.
16—2=P1+2P1—P2 » 14=3P1—P>

Sabitler 14; fiyatlarin katsayilar 3 ve —1.
9+P1—2P2=3+P2 » 6=—P1+3P:

ikinci denkleme gére 3 P2,6+P1’e esit olmall.
P2=3P1—14

14=3 P1—P>; iki yana Pz ekleyip 14 cikar.
6=—P1+3(3P1—14)

3 katsayisini parantezin tamamina uyqgula.
6=—P1+9P1—42=8P1—42

—P1+9 P1=8 P1;3x14=42.

48=8P1 —» P1*=6

IIk denge fiyati 6 bulunur.

P2*=3(6)—14=4

ikinci fiyat 4; ilk fiyatla ayni olmak zorunda degil.
Qd1=16—-12+4=8; Qs1=2+6=8

Birinci mal icin iki plan da 8.
Qd2=9+6-8=7; Qs2=3+4=7

ikinci mal icin iki plan da 7; iki malin miktarlarini birbirine esitlemek gerekmiyor.

Return to the worked example
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ME-03-S1 Question support

Yeni dort fonksiyon icin iki fiyati ve iki miktari turet; butun baslangi¢c denklemlerinde
kontrol edip ekonomik anlamini yaz.

Fiyat ve miktarlari kendi piyasalarina baglayan bir sinav cevabi yaz. Qi ile Qz2'nin farkli
olmasinin dengeyle neden celismedigini acikla.

Return to the problem

ME-03-S2 Question support

W 1’de yalniz birinci talep kesisimini 16'dan 24’e yukselt. Yeni fiyat ve miktarlari ve
eskiye gore degisimleri bul. ikinci piyasanin parametreleri sabitken sonucunun neden
degistigini acikla; eski fiyat ciftinde birinci piyasa talep fazlasini da bul.

Ik talep kaymasini, ikinci mala capraz fiyat etkisini ve sabit arz dogrularindaki hareketleri
ayliran bir sinav cevabi yaz; sabit tutulanlari belirt.

Return to the problem

ME-03-S3 Question support

indirgenmis iki piyasa kosulu 3 P1—P>=14 ve 6 P1:—2 P>-=30 olsun. Ortak fiyat cifti var
mi?30 yerine 28 yazarsak tek fiyat cifti secilir mi? Yalniz indirgenmis denklemlerden
miktarlarin pozitifligi hakkinda ne séylenebilir?

Celiski, tek ¢c6zim olmamasi ve ekonomik gecerliligi ayiran bir sinav cevabi yaz. Her sifir
paydaya otomatik “denge yok” deme.

Return to the problem
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Hints Level 1 Choose the strategy

Use one hint, then go back and try. The second level gives a more specific intermediate move.
ME-03-S1

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlar ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-03-S2

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-03-S3

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2
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Hints Level 2 One useful next move
ME-03-S1

The clearing equations reduce to 3P1—P2=19 and —P1+3P2=7. Solve them together, not
one at a time with a guessed other price.

ilk denklemden P2=3 P1—19 yaz ve ikinci denklemde tim P2 yerine koy.

Return and complete your attempt

ME-03-S2

The new first clearing equation is 3P1—P2=22; the second remains —P1+3P2=6. Holding
coefficients fixed does not hold endogenous prices fixed.

ikinci denklemin katsayilari ayni ama P1 icsel bir degisken. ilk piyasadaki degisimden sonra yeni ortak fiyat
ciftini tekrar ¢oz.

Return and complete your attempt

ME-03-S3

Multiply the first equation by 2 and compare it with the second. In the revised case, one
equation duplicates the other.

ilk esitligin iki yanini 2 ile carp. Ayni sol tarafin hem 28 hem 30 olmasi mimkin mi?

Return and complete your attempt
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Solutions and model interpretations
ME-03-W1 Model interpretation

At prices P1=6 and P2=4, good 1 clears at 8 units and good 2 at 7 units in the specified
period. Holding its own price fixed, demand for either good rises by one unit when the
other good'’s price rises by one: a positive substitute effect in each demand equation.
These coefficient interpretations are not a claim of equal prices or guaranteed
convergence.

Sinav cevabi fiyatlari ve miktarlari mal numarasiyla baglamali:1. mal 6 fiyatinda 8
miktar,2. mal 4 fiyatinda 7 miktar. Capraz katsayilar +1 oldugundan kendi fiyat sabitken
oteki malin pahalanmasi bu malin talep edilen miktarini artirir. Bu, katsayi yorumudur;
denge fiyatinin ayni anda ne kadar degisecegi sistemin tamamindan cikar.

ME-03-S1 Solution
21-2P1+P2=2+P1 - 3P.—P2=19

Clear market 1 and collect terms.

Her iki tarafta ayni terimleri ¢ikarip ekleyerek sabiti 19 bul.
10+P1—2P2=3+4+P2 » —P1+3P2=7

Clear market 2.

ikinci sabit 10—-3=7.
P2=3P1—19; —P1+3(3P1—19)=7

Substitute the first equation into the second.

P> yerine tim parantez gecer.
—P1+9P1—-57=7 -» 8P1=64 - P1*=8

Distribute, add 57 and divide by 8.

Fiyati tek bir denklemden tahmin etmedik; ikisini birlikte sagladik.
P2*=3(8)—19=5

Recover the second price.

Ayni fiyat ciftini batan fonksiyonlarda kullan.
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Qd1=21-16+5=10=2+8=Qs:

Verify good 1.

ilk miktar 10.
Qd2=104+8-10=8=3+5=Qs2

Verify good 2 and nonnegativity.
ikinci miktar 8; fiyatlar ve miktarlar pozitif.
Model English interpretation

Good 1 clears at price 8 and quantity 10, while good 2 clears at price 5 and quantity 8.
The joint equilibrium conditions compare demand with supply within each market, so
unequal quantities across the two goods are not a contradiction.

Turkce reasoning

Denge demek batln sayilarin esit olmasi degildir. Birinci malda Qdi1=Qs1=10, ikinci malda
Qd2=Qs2=8 olur. Mallarin fiziksel birimleri bile farkh olabilir; 6nemli olan ayni malin iki
planinin ayni fiyat ciftinde uyusmasidir.

Check your explanation

] Correctly pairs (P1,Q1)=(8,10) and (P2,Q2)=(5,8).

[1 States that each market’'s demand equals its own supply.

1 Does not require prices or quantities of different goods to be equal.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-03-S2 Solution
24—2P1+P2=24P1 - 3P1—P2=22

Replace only the first demand intercept.

Arz fonksiyonlarini veya ikinci talep katsayilarini degistirme.
—P143P2=6; P=3P1—22

Keep market 2 clearing and isolate P> from market 1.

ikinci esitlik hala ortak fiyat ciftinde saglanmali.
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—P1+3(3P1—22)=6 —» 8P.—66=06
Substitute and distribute.

—P1+9 P1=8 Ps; sabit —66.

8P1=72 —» P1*=9; P2*=27-22=5
Solve both prices.

Eski fiyatlar 6,4 idi; degisimler +3,+1.
Qd1=24-18+5=11=2+9=Qs:
Verify the new first-market quantity.
ilk miktar 8'den 11’e cikar:AQ:=3.
Qd2=9+9-10=8=3+5=Qs>

Verify the new second-market quantity.

ikinci miktar 7’den 8’e cikar:AQz=1.

At old (6,4): Qd1=24—-12+4=16; Qs1=8; excess demand=8

Distinguish the initial gap from the final quantity change.

Eski fiyat ciftinde talep fazlasi 8; son denge miktari artisi 3. Ayni blyukltk degiller.

AQd2=AP1—2AP2=3-2=1

Explain the second-demand quantity change term by term.

ilk fiyatin 3 artmasi ikinci talebi +3 etkiler; kendi fiyatinin 1 artmasi —2 etkiler; net +1.

Model English interpretation

The increase in good 1's demand intercept creates excess demand of 8 at the old prices.

The new joint equilibrium is (P1,P2)=(9,5) and (Q1,Q2)=(11,8). Good 2 changes because
the higher P1 raises its demand at any fixed P2; its own price then differs in the new
equilibrium. Both supply schedules are unchanged, so their quantity changes are

movements along the same schedules. This comparison holds all other coefficients fixed.
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Turkce reasoning

Birinci malin talep egrisi sabit fiyat ciftinde 8 yukari kayar; fakat son miktar yalniz 3 artar.
ikinci malin talep fonksiyonundaki +P1 kanali baglantiyi tasir. P+’in 3 artmasi +3, P2'nin 1
artmasi —2 etkiler; net miktar +1. Katsayilarin degismemesi icsel fiyatlarin
degismeyecegi anlamina gelmez. Statik karsilastirma yaptigimiz icin kesin uyum suresi
iddia etmiyoruz.

Check your explanation

[ Identifies an 8-unit intercept increase at fixed prices, not an 8-unit final quantity increase.
1 Reports AP1=3, AP>=1, AQ:1=3 and AQ:=1.

] Explains good 2’s net demand effect 3—2=1 and unchanged supply parameters.

[ States that this compares equilibria without proving an adjustment time path.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-03-S3 Solution
2(3P1—P2)=2(14) » 6P1—2P>=28

Multiply equation 1 by 2.

islem ayni fiyat ciftinin saglamasi gereken esitligi korur.
6P1—2P2=30 and 6P1—2P>=28 - 0=2

Subtract the equations.

Ayni ifade iki farkl sabite esit olamaz; celiski var.
Original system: no joint equilibrium price pair

Interpret inconsistency, not a negative-price result.

Sorun ekonomik alan degil, iki esitligi ayni anda saglayan hicbir cebirsel cift olmamasi.
If 30 becomes 28: equation 2 is exactly twice equation 1

Recognize a redundant condition.

ikinci denklem yeni bagimsiz bilgi getirmiyor.
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P2=3P1—14; any P1=14/3 gives nonnegative prices

Parameterize the revised price pairs and apply only the price domain.

Ornegin(5,1),(6,4) iki farkh negatif olmayan fiyat ciftidir. Fakat bu heniiz miktar kontrolii degil.
Recover Qdi and Qsi from the original schedules before asserting positive trade

Separate price-equation consistency from quantity feasibility.

indirgenmis esitlikler sadece arz-talep farklarini tutar. Orijinal fonksiyonlar verilmeden pozitif Q1, Q2 iddia
edilemez.

Model English interpretation

The original market-clearing conditions are inconsistent, because they require the same
price expression to equal both 28 and 30. The revised conditions are dependent and
leave infinitely many price pairs rather than one unique pair. Nonnegative prices can be
selected, but positive trade cannot be established without recovering quantities from the
original demand and supply schedules.

Turkce reasoning

IIk sistemde hicbir fiyat cifti yok; ikinci sistemde cok sayida fiyat cifti var. ikisi de tek
¢6zum formalinun kullanilamadigi durumlar olsa da nedenleri farkl. Bir fiyat ciftinin
negatif olmamasi da tek basina pozitif ticaret kaniti degildir; ilgili maln orijinal arz/talep
miktarini kontrol etmeliyiz.

Check your explanation

] Uses 0=2 to reject a joint price solution in the original system.

1 Recognizes dependent equations and infinitely many price solutions in the revised system.

[0 Checks nonnegative prices separately and requires original schedules to assess quantities.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
Concept check answers

ME-03-C1 Answer B

Each good clears its own market. Different goods need not have equal prices or

quantities.

Her malin talep ve arz planlar kendi icinde esitlenir; birinci malin talebini ikinci malin arzina esitlemeyiz.
If you chose differently: Match each demand schedule to the supply schedule of the same good.

Alt indisleri oku: 1 birinci mali, 2 ikinci mali gosteriyor.
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ME-03-C2 Answer B
The P2 coefficient is +1. This is a conditional demand effect, not the complete equilibrium

response.

P2"nin katsayisi +1; dolayisiyla P1 sabitken Qd: bir artar. Fakat yeni denge fiyatlarinin ne olacagini iki
denklem birlikte belirler.

If you chose differently: Identify the coefficient of the price that changes; keep the other price fixed for
this question.

Sorulan fiyat Pz, P1 degil. —2 kendi fiyat katsayisidir.

ME-03-C3 Answer B

A chosen division can fail without the system failing. Reorder equations or eliminate
without dividing by ca.

ci’'e bolerek P1'i yalniz birakma yolu kullanilamaz. Bu, bitin sistemin ¢6ziimsiz oldugu anlamina gelmez.
D=0 baska bir yoldan tek ¢c6zimu saglar.

If you chose differently: Separate a limitation of the chosen algebraic route from a property of the

whole system.
“Bu saylya bolemem” ile “sistem ¢6zimsUlz" ayni iddia degildir.
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Reflection and a second attempt

For each skill, mark: not yet / with help / alone. “Alone” means you can demonstrate it with the
explanation closed.

1 Not yet [0 With help [J Alone
| pair each demand with supply for the same good.

1 Not yet [0 With help [J Alone
| distinguish own-price and cross-price coefficients and state what is held fixed.

1 Not yet [0 With help [J Alone
| derive both prices with legal substitutions/eliminations.

1 Not yet [0 With help [J Alone
| check all four schedules, feasibility and the economic meaning of changes.

iki malin fiyatlarini birbirine esitlemeden denge kurabiliyor muyum? Katsayi isaretini yorumlarken hangi
fiyati sabit tuttugumu sdéyleyebiliyor muyum? Bir ara bélme basarisiz olunca sistemi otomatik ¢6ziimsiz
sanmadan baska yolu disunebiliyor muyum? Sayilardan sonra her mal icin ekonomik yorum yazabiliyor
muyum?

The first step | could not explain, and the check I will use next time

Next attempt: problem ID and date

Progress is manual. Keep the first attempt visible; use a new page or a different pen colour for the retry.

Source scope

PDF pp.8-9: all four schedules, symbol definitions, endogenous prices/quantities, own- and cross-price
demand signs. pp.10-11: the coefficient-difference reduction. First half p.12: substitution formula for P2
and the nonzero-divisor condition, with P1 left as a question. The module reproduces the generic source

model and completes P1 with a checked elimination derivation. g is a readable normalization of the second

coefficient family, not an extra parameter. The source contains no fully numeric two-market example in
this page range; W1/S1-S3 are original. D is introduced as a coefficient combination, not assumed prior
determinant knowledge.
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ME-04 Linear Systems & Matrix
Representation

Source PDF pages 12-16 (second half of p.12 onward)

Translate linear equations into Ax=d, preserve variable and equation order, and interpret
coefficients and solutions without assuming that matrix notation proves feasibility.

Foundations | Derivations | Source examples | Worked example | Independent practice | TUrk¢e support |
Hint levels 1 and 2 | Solutions and English interpretations | Reflection and retry

Before you start

What do | already understand, and which step do | need to explain?

Do not mark a skill “alone” just because a solution looks familiar. A useful attempt includes the model, the
operations, the check and the interpretation.

Foundations

Many equations, one organized statement

A system of m linear equations in n unknowns can be written as Ax=d. Each row of A
belongs to an equation; each column belongs to a variable in a declared order. Writing
the system compactly does not solve it yet.

diiXi+ai2X2+...+ainxn=di fori=1,...,m

Symbol English meaning Tarkce karsiligi

m Number of equations / rows Denklem ve satir sayisi

n Number of variables / columns Bilinmeyen ve sltun sayisi

aij Coefficient of variable j in equation i i. denklemde j. degiskenin katsayisi
A mxn coefficient matrix m satir, n sttunlu katsayir matrisi

X nx1 variable column vector n bilesenli degisken sttun vektoéri
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Symbol English meaning Tarkce karsihgi
d mx1 constant column vector m bilesenli sabit sGtun vektoru
di Right-hand side of equation i i. denklemin sagindaki sabit

Tlrkce explanation

What makes an equation linear?

Every unknown appears only to the first power, multiplied by a coefficient independent of
the unknowns. Zero coefficients are allowed. Terms such as xy or x2 make an equation
nonlinear in those unknowns.

X+0y+3z=7 & [1,0,3]

Turkce explanation

Read the indices before the number

The first index tells you the row, the second the column. The source’s aass is the
coefficient of the third variable in the fourth equation. Matrix dimensions are always rows
X columns.

A:mxn ; x:nx1l ; d:mxl

Turkce explanation

Why row-by-column multiplication reconstructs a model

The ith component of Ax is the sum of each coefficient in row i times its matching
variable. This produces exactly the left side of equation i, not a new economic
assumption.

(AX)i = aixX1 + aizx2 + ... + QinXn

Turkce explanation

Two reorderings, two different obligations

Reordering equations changes the rows of A and the entries of d together. Reordering
variables changes the columns of A and the entries of x together. Neither operation
changes the underlying model if done consistently.

Turkce explanation
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Order matters; equality is not commutativity

The source notes that AB is not generally equal to BA when both are defined. For Ax, the
order A then x is chosen to reconstruct the equations. A rectangular matrix is perfectly
legitimate if the inner dimensions match.

(mxn)(nx1) » mx1

TUurkce explanation

Economic meaning comes from the model, not from the brackets

For production quantities, nonnegative outputs may be required. A mathematically valid
solution with a negative component then fails that economic interpretation. For an
abstract algebra problem, however, a negative variable is not automatically wrong.

Turkce explanation

Pause and test your understanding
ME-04-C1

What does ass identify?

A. Variable 4 in equation 3

B. Variable 3 in equation 4

C. The product 4x3

My choice and the reason, before checking

Turkce question support | Check later

ME-04-C2

For A with dimensions 3x2 and a two-variable column x, what is the dimension of Ax?
A.2x3

B. 3x1

C.2x1

My choice and the reason, before checking

Turkge question support | Check later
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ME-04-C3

If x+3z=7 is written in the variable order (x,y,z), which coefficient row is correct?

A.[1,3]
B.[1,0,3]
C.[0,1,3]

My choice and the reason, before checking

Turkge question support | Check later

Derivations with reasons

Build the general Ax=d representation - source pp.12-14

Separate coefficients, unknowns and constants while preserving every index.

anXi+aiwzXz+...+ainxn=0d1

Write equation 1 using the declared variable order.
a21X1+az2Xz2+...+aznxXn=d2

Use the same final variable x» in equation 2.
amiXi+amz2X2+...+amnXn=0dm

Continue through equation m.

A=[aijj]mXn; X=[X1,...,Xn]"; d=[d1,...,dm]"

Collect the three arrays.

(AX)i=Zj=1" aijx;=di

Expand row i against the variable column.

Ax=d: (Imxn)(nx1l)=mx1

Check dimensions and equality component by component.

Detailed Turkish reasoning

Ekonomi Atdlyesi  English first « Tlrkce support

097



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

A two-equation economic template

Use a resource-balance example to connect the matrix entries to quantities and units.
This is original practice, not an additional source claim.

riaxX+rizy=R1; raax+r22y=Rz

Let each equation describe full use of one resource.

ri ri X R1

rza  raz y R2

Rows identify resources; columns identify products.
Ax vec=d; x=0, y=0

Add the domain needed for physical production.
Check each resource use after solving

Substitute outputs into both original balances.

Detailed Turkish reasoning

Source examples and checked readings

These examples retain the source numbers and mathematical content. The explanations are newly
written. Any checked correction is placed next to the affected calculation.

Source example: equations into a matrix, then solve

The source gives 2x+3y+4z=5, —x—2y+3z=1 and x+y+z=0. First reproduce its matrix
representation. Then solve and verify, so the notation has a concrete meaning.

Source PDF pages 15
2X+3y+4z=5; —x—2y+3z=1; x+y+z=0

Keep the source equation order.

2 3 4 X 5
-1 -2 3 y |=1] 1
1 1 1 z 0

Place coefficients by columns x,y,z.
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A:3x3; x vec:3x1; d:3x1; az23=3
Read the dimensions and an entry.
X+y+z=0 - x=—-y-2z

Use the third equation to eliminate x.

2(—=y—2)+3y+4z=5 - —2y—-2z+3y+4z=5

Substitute into the first equation and distribute.

y+2z=5
Collect y and z terms.

—(=y—2)—2y+3z=1 » y+z—-2y+3z=1

Substitute into equation 2; distribute the minus.

—-y+4z=1

Collect terms in equation 2.
(y+2z)+(-y+4z)=5+1 - 62=6 - z=1
Add the reduced equations, then divide by 6.
y=5—-2(1)=3; x=—3-1=—-4
Back-substitute to recover y and x.
2(—4)+3(3)+4(1)=—8+9+4=5

Verify equation 1.
—(—4)—-2(3)+3(1)=4—-6+3=1

Verify equation 2.

—4+3+1=0

Verify equation 3 and interpret cautiously.

TUrkce source-example reasoning
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Source example: reorder equations and variables together

The next source page moves equation 3 first and uses the variable order (y,x,z). Track
both reorderings rather than copying the old coefficient matrix.

Source PDF pages 15-16

New equation order: x+y+z=0; 2x+3y+4z=5; —x—2y+3z=1
Reorder equations and constants together.

New variable order: (y,x,z)

Declare the column meaning before entering coefficients.

Row 1: y+x+z=0-[1,1,1]

Read the first new equation in the new order.

Row 2: 3y+2x+4z=5 - [3,2,4]

Place the coefficient of y before that of x.

Row 3: —2y—x+3z=1 - [-2,—-1,3]

Preserve both signs when swapping columns.

1 1 1 y 0
3 2 4 X = 5
-2 -1 3 z 1

1 1 1 3 0
3 2 4 -4 |=| 5
-2 -1 1 1

Verify using the solution in the new variable order.
Reordering is not a change in coefficients’ economic roles

Interpret the bookkeeping correctly.

Turkce source-example reasoning
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Worked example

ME-04-W1 Two products, two resources

Producing one unit of product x uses 2 units of resource 1 and 1 unit of resource 2. One
unit of product y uses 1 unit of resource 1 and 3 units of resource 2. Available resources
are 14 and 17 units. Assume both are fully used. Write Ax=d in the order (x,y), solve for

nonnegative outputs, verify both resource balances and explain what this model does not

optimize.
Turkce question | Interpretation answer after trying

Before reading the steps: choose a method and say why it applies

2x+y=14; x+3y=17

Translate each resource balance into one equation.

2 1 X 14
1 3 y 17

Write the coefficient matrix, output vector and resource vector.

Pause. Predict the next operation and justify it before reading on.

y=14-2X

Subtract 2x from both sides of the first equation.
X+3(14-2x)=17

Substitute y into the second resource balance.
X+42—-6x=17 -» —5x+42=17

Distribute 3 and combine like terms.
—5x=17-42=-25 - x=5

Subtract 42 and divide by —5.
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y=14-2(5)=4

Recover the second output.
2(5)+4=14; 5+3(4)=17
Verify both full-use constraints.

Interpret before reading the model answer

Explain the result, its verification and its economic meaning or limits.

Say your interpretation aloud; note the main result and one reason
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Independent practice

Attempt each problem before the hints. The next page of each problem is for
interpretation and checking. Do not use the solution as a copying exercise.

ME-04-S1 Build and verify another production system

Two products have resource-use matrix A=[[3,1],[1,2]] in the variable order (x,y). Both
resources must be fully used, with d=[18,16]". Write the scalar equations, solve x and vy,
verify Ax=d, identify az1, and explain the meaning of each row.

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-04-S1 Interpretation and verification

Interpret your computed output plan in an exam paragraph. Explain az21 and distinguish
full resource use from an optimization result.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-04-S2 Find the hidden change in variable order

In ME-04-W1, a student replaces the output vector [x,y]" with [y,x]" but leaves
A=[[2,1],[1,3]] unchanged. Explain the error. Write the correct reordered coefficient
matrix, verify it at the original output plan, and explain whether reordering represents a

technological change.
Turkge prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-04-S2 Interpretation and verification

Write an exam answer explaining why coefficients cannot be separated from variable
labels. State what changes and what stays the same after a consistent reorder.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing

Ekonomi Atdlyesi  English first « Tlrkce support 106



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

ME-04-S3 An algebraic solution can violate the production domain

Keep the technology from ME-04-W1 but change the fully used resource vector to
d=[40,17]". Solve 2x+y=40 and x+3y=17. Verify the algebra, then decide whether the
result is a feasible nonnegative production plan. Explain why changing equality
constraints to capacity inequalities would be a different model.

Turkge prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2

Ekonomi Atdlyesi  English first « Tlrkce support 107



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

ME-04-S3 Interpretation and verification

Give an exam answer distinguishing algebraic validity, nonnegative-output feasibility and
the full-use assumption. State why a new inequality model would need an objective to
choose a preferred plan.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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Turkce support

Bu bolum dili ve gerekceyi anlamak icindir. Aciklamayi! aynen kopyalama; okuduktan
sonra kendi ¢é6ziimiine don. ingilizce soru sayfalarinda yanitlari gérmeden deneme
yapabilirsin.

Many equations, one organized statement

Matris, denklemleri kaybetmeden dizenleyen bir gosterimdir. Once bilinmeyen sirasini
seceriz: Xi, Xz2,..., Xn. Her denklemde bu sirayi koruyarak katsayilari yazariz. Boylece
satir=denklem, sutun=degisken olur.

m denklem sayisli, n bilinmeyen sayisidir; m=n olmak zorunda degildir. Ax=d
yazabildigimiz icin otomatik tek ¢6zim var diyemeyiz. C6zUmun varhgi, tekligi ve
ekonomik anlami daha sonra ayrica kontrol edilir.

ainXi+aiX2+...+ainxn=di fori=1,....m
Back to English
What makes an equation linear?

2 x+3 y=5 dogrusaldir; katsayilar 2 ve 3 sabittir. 2 x+3 y?=5 veya xy=5 ayni X, y
bilinmeyenleri acisindan dogrusal degildir. Sabit terimler bulunabilir; aixi+...+anxn=d
bicimi bunlari sag tarafta tutar.

Bir degisken denklemde gérinmuyorsa katsayisi sifirdir. Bu situnu silmek yerine 0
yazmaliyiz; aksi halde sonraki katsayi yanlis degiskenle eslesir. Ornegin x+3 z=7, (X, Y, 2)
sirasinda [1,0,3] satindir.

X+0y+3z=7 & [1,0,3]
Back to English
Read the indices before the number

ass icindeki 4 ve 3 Us veya carpilan sayilar degildir. Once 4. denkleme, sonra 3.
degiskenin katsayisina bakariz. ass ile asa ayni konum degildir.

Kaynakta degisken kiimesi x; icin j=1,..., n; sabitler di icin i=1,..., m olarak tanimlanir. x
sutun vektord nx1, d sutun vektord mx1 olur. Bu unitedeki d vektord, ilk piyasa
modelindeki skaler arz egimi d ile karistirilmamalidir.

A:mxn ; x:nx1l : d:mx1l

Back to English
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Why row-by-column multiplication reconstructs a model
Bir satirdaki katsayilari degisken vektortunin ayni konumdaki bilesenleriyle carpip

toplariz: ainxi+aizx2+...+ainXn. Bu ylzden matris carpimi kaynak denklemini geri Uretir.

Ekonomik modelde bir satir bir kaynak kisiti, bir piyasa denge kosulu veya bir muhasebe
bagintisi olabilir. Katsayinin ekonomik birimi de satirin anlamina baghdir. Sayilari
yazmadan once satir ve sutun etiketlerini zihninde koru.

(AX)i = aiix1 + ai2X2 + ... + ainXn

Back to English

Two reorderings, two different obligations

Denklem sirasi: Uclincli denklemi en Uste alirsan, katsay satiri da sag taraf sabiti de en

Uste gelmeli. Sadece A’yi tasiyip d’yi yerinde birakirsan baska denklemler yazarsin.

Degisken sirasi: Vektoru (x, y, z) yerine (y, X, z) yaparsan ilk iki katsay! sGtununu da
degistir. Sadece vektor etiketlerini degistirmek x’in katsayisini y’'ye baglar ve ekonomik
modeli bozabilir.

Kaynak s.15-16 her iki tar yeniden siralamay:i birlikte gésterir. Burada teknolojinin veya
davranis parametrelerinin degismesi degil, ayni modelin etiketli gdsteriminin degismesi
s6z konusudur.

Back to English
Order matters; equality is not commutativity
Genel A icin “carpanlari yer degistirsem ayni sey olur” diyemeyiz. Ornegin A 2x3 ve x

3x1 ise Ax, 2x1'dir; xA icin i¢ boyutlar 1 ve 2 oldugundan bu ¢arpim tanimh degildir.

“AB#=BA genel olarak” ifadesi, her 6zel matris ciftinde mutlaka esitsizlik var demek
degildir; bazi matrisler yer degistirir. Bu Unitede bu notu dogru sinirla okuyoruz; ayrintil
matris carpma kurallari sonraki Unitede calisilacak.

(mxn)(nx1l) » mx1

Back to English
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Economic meaning comes from the model, not from the brackets

Kaynak s.15'teki x, y, z'ye ekonomik etiket verilmemistir; bu nedenle negatif x ¢cikmasi
cebirsel hata degildir. Uretim drnegimizde ise x ve y fiziksel Gretim miktaridir, dolayisiyla
negatif olmayan ¢6zim aranir.

Ayrica bir kaynak modelinde butun kaynaklar tam kullanma kosulunu esitliklerle
yazmak bir varsayimdir. Kaynak kapasitelerini asmamak istenseydi esitsizlikler gerekirdi.
Ax=d, tek basina kar maksimizasyonu veya en iyi lUretim plani iddiasi degildir.

Back to English
ME-04-C1 Question support

as3 hangi konumdaki katsayiyi gosterir?

Return to foundations
ME-04-C2 Question support

A 3x2 ve x iki bilesenli sutun vektoru ise Ax’'in boyutu nedir?

Return to foundations

ME-04-C3 Question support

Degisken sirasi(x, y, z) iken x+3 z=7 hangi katsayi satirini verir?

Return to foundations
Build the general Ax=d representation - source pp.12-14

Ayni sistemin Uc¢ parcasini dizenle: katsayilar A, bilinmeyenler x, sag taraf d.
aiiXi+aiwzXz+...+ainxn=d1

Birinci satirda her bilinmeyenin katsayisi ilk indis 1'i tasir.
a21X1+az2Xz2+...+aznxXn=0d2

ikinci denklemin son terimi genel n-degiskenli sistemde aznx» olmalidir. El yazisindaki son
degisken etiketi ne kadar sikisik gorinse de sutunlarin sirasi tim satirlarda aynidir.

AmiXi+am2Xz+...+amnXn=0m

m son denklem/satir; n son degisken/sttun indeksidir.
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A=[aij]m><n; X=[X1,...,Xn]T; d=[d1,...,dm]T

T burada yatay yazdigimiz listeyi sutun olarak okuma kisaltmasidir; kaynak x ve d'yi zaten
sutun vektoru seklinde cizer.

(AX)i=Zj=1" aijx;=d;

2 toplama isaretidir: j 1’'den n’ye giderken ayni satirdaki her katsayi uygun bilinmeyenle
carpilip toplanir.

Ax=d: (Imxn)(nx1l)=mx1

Sol carpim ve sag vektor ayni mx1 boyutundadir. Matris esitligi her satirdaki denklem
esitligi anlamina gelir.

Back to English
A two-equation economic template

Kaynak gosterimini ekonomik bir 6rnege baglamak icin iki Gretim faaliyeti distnelim.
riaxX+rizy=Ri1; raax+r22y=Rz

X, y cikti miktarlari; rij i kaynaginin j ciktisi basina kullanimini; Ri mevcut kaynak miktarini
gostersin.

ra ri X R1
A= ; X vec= ; d=
rza a2 y R2

Birinci sutun x Uretiminin, ikinci sGtun y Uretiminin kaynak ihtiyaclarini listeler.
Ax_vec=d; x=0, y=0

Negatif Gretim miktari kabul etmeyiz. Fakat esitlik, butin kaynaklari tam kullandigimizi
ayrica varsayar.

Check each resource use after solving

Yalniz bir satirin tutmasi diger kaynagin da tutacagini géstermez. Kisitlarin ikisini ayri
denetle.

Back to English
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Source example: equations into a matrix, then solve

Kaynakta verilen U¢ denklemi dnce ayni(x, y, z) sirasiyla matrise donusturelim. Ardindan
ornegi ¢6zerek gosterimin neyi korudugunu dogrulayalim.

Source PDF pages 15
2X+3y+4z=5; —x—2y+3z=1; x+y+z=0

Birinci, ikinci, GcUncu satir bu sirada olacak.

2 3 4 X 5
-1 -2 3 y |=1] 1
1 1 1 z 0

Birinci satir[2,3,4], ikinci[—1,—2,3], Gcuncu[l,1,1]. Sabit vektoru[5,1,0]".
A:3x3; x vec:3x1; d:3x1; az23=3

az3 ikinci denklemde Uclncl degisken z'nin katsayisidir:3.
X+y+z=0 - x=—y-2z

iki taraftan y ve z cikar.

2(—=y—2)+3y+4z=5 - —2y—-2z+3y+4z=5

2 katsayisi hem—y'yi hem—z'yi carpar.

y+2z=5

-2 y+3y=y;—2z+4 z=2 z.

—(—y—2z)—2y+3z=1 - y+z—-2y+3z=1

—(—y—2z)=y+z; burada iki isaret de degisir.

—-y+4z=1

y—2 y=-Yy;z+3 z=4 z.

(y+2z)+(-y+4z)=5+1 - 62=6 - z=1

y terimleri birbirini goturar.
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y=5-2(1)=3; x=—3-1=—-4

Bir degisken bulmakla durma; GcU de belirlenmeli.
2(—4)+3(3)+4(1)=—8+9+4=5

ik satirin sag tarafi 5 elde edilir.
—(—4)—2(3)+3(1)=4-6+3=1

ikinci satirin sag tarafi 1 elde edilir.

—4+3+1=0

Kaynak bu bilinmeyenlere ekonomik etiket vermiyor. x=—4 bu soyut cebir probleminde
gecerli; ancak x fiziksel uretim miktari denseydi negatiflik nedeniyle ekonomik alani
ayrica tartismak gerekirdi.

Back to English
Source example: reorder equations and variables together

Kaynak s.15’in son notu sonraki sayfada x'in ikinci, y’nin birinci degisken yeri alacagini
soyllyor. s.16’da denklem sirasi da Ucuncd, birinci, ikinci olarak degisiyor.

Source PDF pages 15-16
New equation order: x+y+z=0; 2x+3y+4z=5; —x—2y+3z=1
Sabitler artik 0,5,1 sirasindadir.

New variable order: (y,X,z)

Ik stitun y’ye, ikinci situn x’e, U¢lincl sutun z'ye baglanacak.
Row 1: y+x+z=0-1[1,1,1]

x ve y katsayilari esit oldugu icin bu satirdaki situn degisimi gérinmez; yine de mantik
aynidir.

Row 2: 3y+2x+4z=5 - [3,2,4]
Eski[2,3,4] satirini oldugu gibi kopyalarsan model dedgisir.
Row 3: —2y—x+3z=1 - [-2,-1,3]

y'nin katsayisi—2, x’in katsayisi—1.
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1 1 1 y 0
3 2 4 X = 5
-2 -1 z 1

1 1 1 3 0
3 2 4 -4 |=| 5
-2 -1 3 1 1

Vektor artik[y, x, z]=[3,—4,1]". Carpim 0,5,1 verir: ayni denklemlerin ayni ¢c6zimu.
Reordering is not a change in coefficients’ economic roles

Bir ekonomik modelde sadece gosterim sirasi degisirse teknoloji, davranis ve denge
degismez. Etiketleri korumak, sayisal ¢c6zimuin anlamini korur.

Back to English
ME-04-W1 Worked example support

x ¢iktisinin bir birimi kaynak 1'den 2, kaynak 2'den 1 birim; y ciktisi kaynak 1’den 1,
kaynak 2’den 3 birim kullaniyor. Kaynak miktarlari 14 ve 17. ikisi tam kullanilsin. (x, y)
sirasiyla Ax=d kur, ciktilari ¢6z, iki kaynagi kontrol et ve modelin neyi optimize etmedigini
acikla.

2x+y=14; x+3y=17

Birinci satir kaynak 1, ikinci satir kaynak 2. Katsayilar ¢ikti basina kaynak kullanimidir.

2 1 X 14
1 3 y 17

Satirlar kaynaklari, sutunlar Grtnleri temsil eder.

y=14-2x

ilk kaynagin tam kullanimini saglayan y miktarini x cinsinden yazdik.
x+3(14-2x)=17

Ayni Uretim planinin ikinci kaynagi da tam kullanmasi gerekiyor.

Ekonomi Atdlyesi  English first « Tlrkce support 115



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

X+42—-6x=17 » —5x+42=17

x—6 x=—5 x; sagdaki 17 sabit.

—5x=17—-42=-25 - x=5

Negatif bir saylya bélmek esitligi bozmaz; sifir olmamasi yeterlidir.
y=14-2(5)=4

iki cikti da negatif degil.

2(5)+4=14; 5+3(4)=17

Kaynak 1 kullanimi 14, kaynak 2 kullanimi 17; kapasite vektorua tam karsilanir.

Return to the worked example
ME-04-S1 Question support

A=[[3,1],[1,2]], degisken sirasi(x, y), kaynak vektdrii[18,16]". iki kaynak tam kullanilsin.
Skaler denklemleri yaz, x, y'yi bul, Ax=d’yi dogrula, az1'i tanimla ve satirlarin ekonomik
anlamini acikla.

Buldugun cikti planini bir sinav paragrafiyla yorumla. az1'i acikla; tam kaynak kullanimi ile
optimizasyon sonucunu ayir.

Return to the problem

ME-04-S2 Question support

W 1'de 6grenci[x, y]™ yerinely, x]™ yaziyor ama A’y ayni birakiyor. Hatayi acikla, dogru
yeni matrisi yaz ve eski ¢ikti planiyla kontrol et. Siralama degisiminin teknolojik degisim
olup olmadigini yorumla.

Katsayilarin degisken etiketlerinden neden ayri disunidlemeyecegini sinav diliyle acikla.
Tutarh yeniden siralamada neyin degisip neyin ayni kaldigini belirt.

Return to the problem
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ME-04-S3 Question support

W 1'in teknolojisi ayni kalsin; tam kullanilan kaynaklar[40,17]" olsun. iki denklemi ¢6z ve
cebiri kontrol et. Sonucun negatif olmayan uretim plani olup olmadigini agikla. Tam
kullanim esitliklerini kapasite esitsizliklerine cevirmenin neden farkli model oldugunu
belirt.

Cebirsel dogruluk, negatif olmayan c¢ikti kosulu ve tam kullanim varsayimini ayiran bir
sinav cevabl yaz. Yeni esitsizlik modelinde tercih edilen plani secmek icin neden amacg
gerektigini belirt.

Return to the problem
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Hints Level 1 Choose the strategy

Use one hint, then go back and try. The second level gives a more specific intermediate move.
ME-04-S1

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlar ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-04-S2

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-04-S3

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2
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Hints Level 2 One useful next move
ME-04-S1

Expand rows first: 3x+y=18 and x+2y=16. A coefficient’s position determines its
economic role.

ilk satin(x, y) ile carpip topla. az21 ikinci kaynagin birinci Griin basina kullanimini gdsterir.

Return and complete your attempt

ME-04-S2

A column belongs to a variable. When the variables swap places, the corresponding
columns must swap too; the resource constants do not swap unless the equations do.

Birinci sttun artik y’ye aitse eski ikinci sttun oraya gelmeli. Yalniz degisken sirasi degistigi icin kaynak
sirasl ve sabit vektord ayni kalir.

Return and complete your attempt

ME-04-S3

Use y=40-2x. A negative output may be a model-domain problem even when both
equations check correctly.

ilk denklemden y'yi yalniz birakip ikinciye koy. Sonucun isaretini degistirmeye calisma; énce iki denklemde
dogrula.

Return and complete your attempt
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Solutions and model interpretations
ME-04-W1 Model interpretation

The model’s full-use production plan is x=5 and y=4. The first row verifies resource 1
use, and the second verifies resource 2 use. Both outputs are nonnegative. The equations
impose resource balances; without prices, revenues or an objective, they do not establish
a profit-maximizing or welfare-maximizing plan.

Ekonomik cevap yalniz(5,4) degildir: hangi Grinlin ne kadar Uretildigi ve kaynak
kullaniminin hangi satirda kontrol edildigi sdylenir. Tam kullanim varsayimi altinda 5 birim
x ve 4 birim y mimkindir. Fiyat veya amac fonksiyonu verilmedigi icin buna “en karh
plan” demeyiz.

ME-04-S1 Solution

3x+y=18; x+2y=16

Unpack the two matrix rows.

Katsayilari dogru degiskenlerle eslestir.
y=18-3x

Isolate y in the first equation.

iki taraftan 3 x cikar.
X+2(18—-3x)=16 —» x+36—6x=16

Substitute into the second equation and distribute.

2 parantezin iki terimini de carpar.
—5X+36=16 -» —5x=-20 - x=4

Collect, subtract 36 and divide by —5.

Yasal islemlerden sonra ilk cikti 4.
y=18-3(4)=6

Recovery.

ikinci cikti 6; alan kosulu saglaniyor.
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3(4)+6=18;4+2(6)=16; az1=1

Verify both resource uses and read the entry.
ikinci satir birinci stitundaki 1, kaynak 2'nin x ciktisi basina kullanimini anlatir.
Model English interpretation

The nonnegative full-use plan produces 4 units of x and 6 units of y. Resource 1 use is
3(4)+6=18, while resource 2 use is 4+2(6)=16. The entry a21=1 means each unit of x
requires one unit of resource 2. These balances establish consistency with the assumed
full use, not profit maximization.

Turkce reasoning

Sayilari cikti adlariyla bagla: x 4, y 6. Her satir farkl bir kaynagin kullanimini élcer. az1'de
2 kaynak/satir,1 Urin/sttun demektir. Amac fonksiyonu olmadigindan planin “en iyi”
oldugunu soylemiyoruz.

Check your explanation

[J Assigns outputs to x and y correctly.

O Explains row 1/resource 1 and row 2/resource 2 and verifies both balances.
[ Interprets a21 as resource 2 usage per unit of product x.

0 Does not claim profit maximization without an objective.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-04-S2 Solution

gives 2y+x and y+3x

Read what the incorrect representation actually says.

Bu ifadeler orijinal 2 x+y ve x+3 y’den farklidir.
At x=5,y=4: 2y+x=13%14; y+3x=19=17

Show the inconsistency caused by the label mismatch.

Ayni plani yanlis etiketli matrisle carpmak kaynak kullanimlarini degistirir.
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Correct A new=

Swap coefficient columns to match the order (y,x).

Eski y katsayilari 1 ve 3 artik ilk situnda; x katsayilari 2 ve 1 ikinci situnda.

1 2 4 14
3 1 5 17

Verify using the reordered output vector.

1x4+2x5=14;3x4+1x5=17.
Same model, same outputs, different representation

Separate bookkeeping from a parameter change.

Kaynak kullanimi veya Uretim teknolojisi degismedi; yalniz gosterimde situn ve bilesen sirasi degisti.
Model English interpretation

A coefficient’s meaning depends on its column label. Swapping the variable order
requires swapping the matching columns, so the correct matrix becomes [[1,2],[3,1]]
with output vector [y,x]". The resource vector remains unchanged because the equation
order has not changed. This is the same technology and production plan, not a new
economic scenario.

Turkce reasoning

Matris sadece sayi tablosu degildir; her sGtun bir GrinUn kaynak gereksinimini tasiyor.
Etiketi degistirip situnu degistirmezsen baska Uretim iliskileri yazarsin. Dogru siralamada
ekonomik icerik degismez; yalniz ayni bilgiler farkh sirada gordndar.

Check your explanation

[ Identifies that columns must follow variable order.

[0 Gives A new=[[1,2],[3,1]] and keeps resource constants[14,17].

[0 Uses output vector [y,x]=[4,5] and verifies both resources.

[1 Explains that representation changes, not technology or the economic plan.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
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ME-04-S3 Solution

y=40-2x

Isolate vy.

Birinci kaynagin tam kullanim kosulunu koruyoruz.

Xx+3(40-2x)=17 » x+120—-6x=17

Substitute and distribute.

—5 x+120=17 elde edilir.
—5x=-103 » x=103/5=20.6

Subtract 120 and divide by —5.

Bolme gegerli; matematiksel x degeri pozitif.

y=40-2(103/5)=200/5-206/5=-6/5=-1.2

Recover y with exact fractions.

Kesirleri ortak paydada cikarinca y negatiftir.
2(103/5)—6/5=40;103/5+3(—6/5)=17

Verify both equalities.

Cebir dogru oldugu halde y fiziksel Gretim alaninin disindadir.

x+3y=17 » x=17-3y - 2x+y=2(17-3y)+y=34—-5y=<34

Isolate x from the second balance, substitute into resource 1 use, distribute 2 and collect

y. Since y is nonnegative, subtracting 5y cannot raise 34; full use of 40 is impossible.

ikinci esitlikten x=17-3y. ilk kaynak kullanimi 2 x+y=34—5y; y=0 ise en fazla 34 olabilir.40’a ulasamaz.

Capacity model: 2x+y=40, x+3y=<17 would allow unused resources

Distinguish a different feasible-set definition.

Esitlikleri esitsizlik yapmak ilk modelin ¢6ziminU diuzeltmek degil, tam kullanim varsayimini

degistirmektir. Ornegin sifir Gretim bu yeni kapasite sinirlarini saglar ama bu tek basina tercih edilen plan

degildir.
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Model English interpretation

The equalities have the algebraic solution x=20.6 and y=-—1.2, but this is not a feasible
physical production plan because y must be nonnegative. In fact, fully using 17 units of
resource 2 with nonnegative outputs allows at most 34 units of resource 1 use, not 40.
Allowing unused resources changes the equalities into capacity inequalities; that different
model needs an objective or further conditions to select a preferred plan.

Turkce reasoning

iki esitligin tutmasi ekonomik anlami tek basina garanti etmez. y negatif oldugundan
fiziksel Uretim yorumu gecersizdir. Asil catisma iki kaynagin ayni anda tam
kullanimindadir: ikinci kaynak 17 iken birinci kaynak 40 kullanilamaz. Kaynak bos
birakmayi kabul etmek yeni bir varsayimdir; o modelde de hangi planin “en iyi” oldugunu
amag belirtmeden sdyleyemeyiz.

Check your explanation

[0 Reports the algebraic pair and verifies both balances.

] Rejects negative y as a feasible physical output.

[0 Uses 2x+y=34—-5y=34 to explain the full-use conflict with 40.

1 Distinguishes an inequality-capacity model and avoids an unsupported optimum claim.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
Concept check answers

ME-04-C1 Answer B

The first index is the equation/row; the second is the variable/column.

Once 4. satira git, sonra 3. stitunu bul. indislerin sirasi katsayinin hangi bilinmeyene baglandigini belirler.
If you chose differently: Read row first, column second.

aij icin 6nce i, sonra j: denklem numarasi, degisken numarasi.

ME-04-C2 Answer B

A 3x2 times x 2x1 gives a 3x1 result: one output per equation.

ic boyutlar 2 ve 2 uyumlu. U¢ denklem oldugundan carpimin (¢ bileseni vardir.

If you chose differently: Match the number of matrix columns to the number of vector entries.
A’nin sUtun sayisi X'in satir sayisiyla eslesmeli; sonucta A'nin satir sayisi kalir.

ME-04-C3 Answer B

The missing y has coefficient zero; its position must remain.

y'nin gérinmemesi stunun yok olmasi degil, katsayisinin 0 olmasidir.

If you chose differently: Keep one coefficient position for every declared variable.
Uc degisken varsa her denklem satirinda (¢ katsayi yeri olmalidir.
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Reflection and a second attempt

For each skill, mark: not yet / with help / alone. “Alone” means you can demonstrate it with the
explanation closed.

1 Not yet [0 With help [J Alone
| read aj as equation i, variable j and preserve missing zero coefficients.

1 Not yet [0 With help [J Alone
| reconstruct every scalar equation from Ax=d.

1 Not yet [0 With help [J Alone
| reorder rows/constants or columns/variables consistently.

1 Not yet [0 With help [J Alone

| separate mathematical solutions from economically feasible outputs and from
optimization.

Matristen denklemlere geri donebiliyor muyum? Her katsayinin hangi satir ve degiskene ait oldugunu

soyleyebiliyor muyum? Situn sirasi degisince vektord, satir sirasi dedisince sabitleri birlikte tasiyor
muyum? Ekonomik modelde negatif cikti ve tam kullanim varsayimini ayrica tartisiyor muyum?

The first step | could not explain, and the check I will use next time

Next attempt: problem ID and date

Progress is manual. Keep the first attempt visible; use a new page or a different pen colour for the retry.

Source scope

Directly inspected second half of PDF p12 through pl6. Covers the general m-equation/n-variable system,
coefficient indexing including a43, variable/constant sets, matrix as array, dimensions,
coefficient/variable/constant vectors, compact Ax=d and the general noncommutativity note. Both exact
source example representations on ppl5-16 are fully reconstructed and verified. The source’s abstract
system has solution(—4,3,1); solving it is a supplemental completion, not an asserted economic quantity
model. W1/S1-S3 are original resource examples with explicit full-use and nonnegative-output
assumptions. No determinant or inverse is required in this unit.
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ME-05 Matrix Operations, Special
Matrices & Transpose

Source PDF pages 17-28

Choose valid operations, calculate each entry, explain multiplication order and
distinguish transpose from inverse.

Foundations | Derivations | Source examples | Worked example | Independent practice | TUrk¢e support |
Hint levels 1 and 2 | Solutions and English interpretations | Reflection and retry

Before you start

What do | already understand, and which step do | need to explain?

Do not mark a skill “alone” just because a solution looks familiar. A useful attempt includes the model, the
operations, the check and the interpretation.

Foundations
A matrix is an organised collection, not a bag of numbers

An m X n matrix has m rows and n columns. The entry ajj is in row i, column j. Rows and
columns have an ordered meaning; rearranging entries generally changes the matrix.

A= [aij]mxn
Symbol English meaning Turkge karsiligi
m, n Numbers of rows and columns Satir ve sttun sayilari
aij Entry at row i, column j i. satir, j. sGtundaki eleman
a A scalar: one real number Bir gergel sayi, matris degil

Turkce explanation
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Why economists need matrix operations

Matrices package many related calculations. If columns are products and rows are inputs,
multiplying by a product-quantity vector gives total input requirements. A coefficient
matrix A in Ax = d packages equations instead of a data table.

mxnxnxl = dmxl

Symbol English meaning Turkge karsiligi

A Coefficient or input-requirement matrix, = Ornegde gére katsayi veya girdi ihtiyaci
as defined matrisi

X Ordered variable/quantity column Sirasi sabit degisken/miktar situnu

d Result or constants column Sonuc ya da sabitler sttunu

Turkce explanation

Three operations answer different questions

A + B combines matching entries. aA scales every entry. AB composes relationships by
summing row-column products. Matrix multiplication is not entry-by-entry multiplication.

Tlrkce explanation

Inner dimensions match; outer dimensions survive

For AmxnBnXp, each row of A and column of B contain n entries. Their n matched products
can be added; there are m choices of row and p choices of column.

mannxp = mep

Tlrkce explanation

Order and grouping are different choices

AB may differ from BA; one product may not exist. But compatible products satisfy (AB)C
= A(BC): parentheses may move without reversing the order A, B, C.

(AB)C = A(BC), but AB is not generally BA

Turkce explanation
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Identity, zero and symmetry are properties with conditions

In is n X n with ones on the main diagonal and zeros elsewhere. OmXn has zeros
everywhere. A symmetric matrix satisfies AT = A and therefore must be square. The
source also mentions variance-covariance matrices: they are symmetric because
exchanging the two variables does not change covariance; no statistical derivation is
supplied in the notes.

Turkce explanation

Transpose changes the address, not the value

AT (also A’ in the notes) turns row i into column i. An m X n matrix becomes n x m.
Transpose is not inverse.

T _
(A1) = 3

Tarkce explanation

Pause and test your understanding

ME-05-C1

Ais 2 x 3 and B is 3 x 4. Before calculating, which statement is correct?
A. AB is 2 x 4; BA is undefined.

B. Both AB and BA are 2 x 4.

C.ABis 3 x 3.

My choice and the reason, before checking

Turkge question support | Check later
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ME-05-C2

A records kilograms per product and g records product quantities. Why does Aq add
products within each row?

A. Because every matrix operation adds all entries.
B. Each term is kilograms for one product; adding gives total kilograms of that input.
C. Because matrix multiplication is entrywise.

My choice and the reason, before checking

Turkge question support | Check later
ME-05-C3

For A2x3 and Bsx4, which transpose-product formula has the correct order and
dimensions?

A. (AB)T = ATBT
B. (AB)" = B'AT
C. (AB)" = AB

My choice and the reason, before checking

Turkce question support | Check later

Derivations with reasons

Entrywise operations

Derive each result from the meaning of a position.
(A£B).=a.xb.
ij ij ij
Assume A and B are both m x n. Combine only the same row and column.

(O(A)ij = aaij

Multiply every entry by the same real number a; the dimensions do not change.
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(A+B).. = a..+b.. = b..+a.. = (B+A)..
ij ij ij ij ij 1)

Scalar addition is commutative at every position, so matrix addition is commutative.

((A+B)+C)ij = (aij+bij)+cij = aij+(bij+cij)

Scalar associativity gives (A+B)+C = A+(B+C) when all three matrices have the same
size.

o(A+B) = cA+aB

At each position, a(ai+bi)=aai+abi;.
Detailed Turkish reasoning

Why the row-column rule works

Link n intermediate categories to form one result entry.

mannxp - mep

Fix output row i and output column j. The shared index k runs from 1 to n.

— s —_ n
Cij =Pyt apby + oy b =278, b,

Multiply corresponding elements of row i and column j, then add all n products.
(AB)X: mXn - nxp - px1l->mx1l

If B maps x into intermediate totals and A maps those totals into final totals, AB is the
combined map.

Detailed Turkish reasoning
Identity and the rules that preserve order

Check the algebra without importing false scalar rules.

A = A = I
m mXn mxn mXnn
The left identity selects each row unchanged; the right identity selects each column
unchanged.

A(B+C) = AB+AC; (A+B)C = AC+BC

Expand the sum within each row-column dot product. Keep the original left/right order.
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((AB)C). = 2,_.P(z, _."a b

J
For AmXn, BnXp, Coxq, expand the first grouping.

1=1 k)

=3 Ma. (= .Pp

k=1 “ik‘“1=1 k/zczj)=(A(BC))

]
Regroup finite scalar sums and products; the same terms appear in the same matrix
order.

Detailed Turkish reasoning
Transpose identities, explained entry by entry

A" and AT mean the same transpose here.

T\T T
(AN, = (A, = a,

Swap the address twice; recover A.

((A+B)T)ij =a,+b; = (AT+|3T)ij

Transpose commutes with addition when A and B have the same size.

.
((AB)'); = (AB); = T, _; "ay by

Use the product formula at the swapped position.

Ty (AT TAT
= Iy (B (A Jg = (BIAT),

Each summand is a product of real numbers, so its two scalar factors may switch order.
Thus (AB)T = BTA™.

Detailed Turkish reasoning

Source examples and checked readings

These examples retain the source numbers and mathematical content. The explanations are newly
written. Any checked correction is placed next to the affected calculation.

Source examples: equality and componentwise arithmetic

Rebuild the exact numerical examples from pp. 17-20.

Source PDF pages 17-20

-1 0 -1 -3
2 -3 0 2
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A = B because all four positions match; A= Cand B = C.
7
= = X1=7, X2=5

Equality of column vectors means equality of corresponding entries.

anxtbir  anzxbi
A£B =

azixb21  azzxba:

For two 2 x 2 matrices, add/subtract each matching pair.

-1 0 -2 + 0O 1 3 -1+40 0+1 -2+3
2 1 3 5 2 1 2+5 1+2 3+1

The two matrices are both 2 x 3; all six sums are valid.

1 1
A+B = = B+A
7 3 4

Evaluate the six sums; reversing addition gives the same entries.

2 0 1 3:2 3-:0 31 6 0 3
-1 3 4 3:(-1) 33 34 -3 9 12

Scale every entry by 3.

TUrkce source-example reasoning

Source examples: compatible products

Track the exact dimension patterns and row-column expressions in pp. 21-22.

Source PDF pages 21-22

A,_.B

2x2B2x3 2 C

2x3' Box3zPoxo undefined
The first inner pair is 2 = 2; the reversed inner pair is 3 # 2.
AmXxnBpXx(q is defined exactly when n=p; the result is mxq.

This is the source general rule with the original dimension letters: p is the number of rows
of B, and q is its number of columns.
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b1 b1z bis
|: a1l a1z :| = |: Ci1 Ci12 Ci3 :|
b21 b2z b2s

A1l x 2rowtimes a2 x 3 matrix givesa 1l X 3 row.
Ciz=a1ibii+ai12b21; Ci2=ai11bi2+a12b22; ciz=ai1i1biz+ai2b23

Keep the A row fixed while moving through the three B columns.

These are the square matrices introduced at the bottom of p. 22. Calculate both orders as
a completed extension.

AB 1(-1)+2-2 1-0+2-2 3 4
3:(-1)+4-2 3:0+4-2 5 8

Each AB entry uses an A row and a B column.

~1-140-3 -1-2+04 12
BA= = # AB
21423 22424 8 12

Changing order changes the numerical result, not just the notation.
Turkce source-example reasoning
Source examples: square, identity, zero and algebraic laws

Complete the examples on pp. 23-26 and the repeated rules on p. 27.

Source PDF pages 23-27

1 0 O

1 O
A3X3B3x3 - 3X3; |= 0 1 o ls= 0O 1 o
0O 0 1

Square means equal row and column counts; identity is a special square matrix.

1 2 3 1-1+0-0 1-2+0-1 1-3+0-4 1 2 3
0O 1 4 0-1+1-0 0-2+1-1 0-3+14 0O 1 4

The source left-identity example preserves both rows.
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0 O
O2%2= i O2x3=
0 O 0O 0 O

Both are zero matrices, but they are not equal because their sizes differ.

A2X3B3x2 = 2x2; Bax2A2X3 - 3%X3

Both products exist, but their different dimensions already prevent equality.
(AmXnBnXp)CoXq = MXQq; AmXn(BnXpCpXQq) » mXq

The source associativity pattern requires B to be n x p.

A+B=B+A; (A+B)+C=A+(B+C); A(B+C)=AB+AC; (B+C)A=BA+CA; a(A+B)=0A+aB

These source rules hold under their matching-dimension conditions; their reasons are
derived above.

Tlrkce source-example reasoning
Source examples: transpose and row comparisons

Complete the source transpose calculation rather than stopping at the displayed
products.

Source PDF pages 27-28

0 3
o 1 2

A= = AT= 1 -1
3 -1 -2

2 -2

The two rows of A become two columns of AT.

02+12+22 0-3+1:(=1)+2(~2)
3:0+(=1)1+(=2)2  32+(=1)2+(-2)

AAT=

A row times a column of AT is a dot product of two rows of A.

5
AAT= o (AAT)T=AAT
5 14

Evaluate 0+1+4+4=5, 0—1—4=-5 and 9+1+4=14.
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Bax2BT2Xx4 = 4%4

The source also gives this dimension-only example: the inner dimension 2 matches, and
the outer dimensions are 4 x 4.

1 0 4
S= 0 3 t : ST=S; I3T=l3
4 t 2

The p. 28 source illustrates symmetry. The repeated off-diagonal handwritten digit is
unclear; t preserves its matching positions without guessing its value.

(AT)T=A; (A+B)"™=AT+B™=BT+AT; (AB)"=BTAT

These are the transpose properties listed on p. 28; the product order reverses.

Source reading note - PDF 28

In the notes: Small embedded symmetric-matrix example contains a repeated handwritten off-diagonal
digit that is not unambiguously readable.

Checked form: Use the same symbol t in both positions; symmetry holds for every real t.
The source digit is not guessed. The example still teaches and verifies the exact symmetry relationship.

TUrkce source-example reasoning

Worked example
ME-05-W1 Two inputs, three products, one cost

A firm produces q = (10, 20, 5)T units of products 1, 2 and 3. The input matrix is A = [[2,
1, 3], [1, 2, O0]]: row 1 is kilograms of material per unit of each product; row 2 is
labour-hours per unit. The input-price row is p = [4, 6], measured in currency units per
kilogram and per labour-hour. Predict the dimensions, find r = Aq and total cost K = pr,
then verify K = (pA)q. If only product 1 rises by 2 units, find the change in each input and
total cost. Assume constant input coefficients and input prices, and no other costs.

Turkce question | Interpretation answer after trying

Before reading the steps: choose a method and say why it applies

A2X3Q3X1 = r2Xi; piXarzxXi = KiXi

Predict a two-entry input column and a single total-cost number.

Ekonomi Atdlyesi  English first « Tlrkce support 135



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

rn = 2(10)+1(20)+3(5) = 20+20+15 = 55 kg

Multiply each material coefficient by its product quantity and add.

Pause. Predict the next operation and justify it before reading on.

r = 1(10)+2(20)+0(5) = 10+40+0 = 50 labour-hours

Repeat with the labour row.

55
r= | | K=4(55)+6(50)=220+300=520

Price the 55 kilograms and 50 labour-hours, then add monetary costs.

pA= [ 4-2+6'1 41462 4:3+60 ] = [ 14 16 12 ]
Alternatively find each product’s input cost per unit first.
(pA)g = 14(10)+16(20)+12(5) = 140+320+60 = 520 = p(Aq)
The two groupings agree; order remains p, A, g.
2
2:2+1-:0+3-0 4

Ag= | o |; Ar=AAg= =
a 0 a 1-:2+2:0+0-0 2

Use the change vector: two extra units of product 1 require 4 extra kilograms and 2 extra
hours.

AK=pAr=4(4)+6(2)=16+12=28; Knew=520+28=548
Price the additional inputs; check 2 x 14 = 28 using unit cost.

Interpret before reading the model answer

In 2-3 exam-style sentences, interpret Aq, pA and your calculated cost increase. State
why this is a conditional calculation rather than a forecast of profit.

Say your interpretation aloud; note the main result and one reason
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Independent practice

Attempt each problem before the hints. The next page of each problem is for
interpretation and checking. Do not use the solution as a copying exercise.

ME-05-S1 Rebuild every operation

Let A =1[[3, 1],[2, 4]] and B =[[1, 2], [0, 3]]. Compute A + B, 2A — B, AB, BA and A".
Identify which results establish that multiplication is not generally commutative. If A and
B are two weekly production tables with rows = factories and columns = the same two
products, explain which of these operations directly combines the two weeks and which
product AB would need further labels to interpret.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2

Ekonomi Atdlyesi  English first « Tlrkce support 137



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

ME-05-S1 Interpretation and verification

Explain why A + B has a direct production interpretation but AB does not automatically
have one, even though AB is mathematically defined.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-05-S2 Sales totals and a dimension error

A sales matrix is Q = [[4, 6, 2], [3, 5, 7]], with rows = stores and columns = products. The
common price column is p = (5, 8, 10)™ currency units per item. Calculate store revenue
Qp and total revenue. A student writes pQ instead. Diagnose the error, give QT, and state
the correct dimensions of the left and right identity matrices in 1 Q = Q = Q I. Assume all
recorded quantities are sold at these prices.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-05-S2 Interpretation and verification

Write a short revenue interpretation and explain why the result says nothing by itself
about which store is more profitable.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-05-S3 Transpose is not an inverse

Let A =1[[1, 2,0],[0,1, 3]]and B = [[2, 1], [1, 3], [0, 2]]. Compute AB and (AB)T; verify
(AB)T = BTAT. Explain why ATBT cannot be substituted for it even though that product is
also defined. Compute AAT and decide whether it equals Iz. For interpretation only, regard
A as an index of resource requirements with rows = resources and columns = products,
all quantities rescaled to dimensionless comparable units. What do diagonal and
off-diagonal entries of AAT compare?

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-05-S3 Interpretation and verification

Using the stated dimensionless resource indices, interpret your diagonal and off-diagonal
entries of AAT. Explain why they are not production totals or causal effects.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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Turkce support

Bu bolum dili ve gerekceyi anlamak icindir. Aciklamayi! aynen kopyalama; okuduktan
sonra kendi ¢é6ziimiine don. ingilizce soru sayfalarinda yanitlari gérmeden deneme
yapabilirsin.

A matrix is an organised collection, not a bag of numbers

Matris, sayilari yalnizca bir kutuya koymaz: her saylya bir adres ve anlam verir. Bir
tabloda satir fabrikayi, sutun UGrGnu gosteriyorsa a2z ikinci fabrikanin Gguncd drdntne
aittir. Ayni sayilari baska yerlere koymak ayni bilgi degildir.

m ve n pozitif tam sayidir. i satir numarasidir (1,...,m); j situn numarasidir (1,...,n). Bu
derste girisler gercel sayilardir. Boyut her zaman satir x sutun sirasindadir. Matris
esitligi icin hem boyut hem karsilikli btttn girisler esit olmalidir.

A=1la.]

ij'mxn

Back to English
Why economists need matrix operations

Ornegin bir Grinun kac saat emek ve kac kilogram malzeme kullandigini situnlara
koyarsak, Uretim miktarlariyla carparak toplam kaynak ihtiyacini buluruz. Ayni bigim,
onceki Unitede denklem sistemini kisa yazmak icin kullanildi: A katsayi matrisi, x
bilinmeyenler sGtunu, d sabitler sutunuydu.

A harfinin anlami her drnekte aciklanmalidir; batin matrislerin otomatik olarak ayni
ekonomik anlami yoktur. Toplamadan once ayni urun/fabrika sirasini ve ayni 6lcu birimini,
carpmadan Once birbirine baglanan kategorileri kontrol et. Boyut uyumu matematiksel
gerekliliktir; iktisadi anlam icin etiket ve birim uyumu da gerekir.

mxnxnxl = mx1

Back to English
Three operations answer different questions

Toplama: ayni hicre anlamindaki iki donemin miktarlarini birlestirir. Skalerle carpma:
butdn hicreleri ayni katsayiyla 6lcekler; érnegin tretimi iki katina cikarir. Matris
carpimi: ortak kategori Uzerinden birlestirir: Urun basina emek x trtn miktari, sonra
drdnler Gzerinden toplam.

A+B icin iki matrisin boyutu ayni olmali. AB icin A’'nin sutun sayisi B'nin satir sayisina esit
olmali. Farkh kurallari ezber listesi olarak degil, yapilan isin geregdi olarak oku.

Back to English
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Inner dimensions match; outer dimensions survive

ic boyut n, Gzerinden toplama yaptigimiz ortak kategoridir. Ornegin A'nin siitunlari (¢
ardn, B'nin satirlari ayni siradaki U¢ Urun ise her arun eslesir. Sonucun m satiri ilk
matristen, p stutunu ikinci matristen gelir.

islemi yapmadan énce cevap kutusunu mxp ciz. Béylece bir yanlis boyutu uzun hesap
sonunda degil bastan fark edersin. i¢ sayilar esit degilse eksik veya fazladan bir
eslestirme vardir; carpim tanimsizdir, sifir degildir.

B = me

mxn-_nxp p

Back to English
Order and grouping are different choices

Degisme (commutative), AB yerine BA yazmaktir; genelde gecerli degildir. Birlesme
(associative), sirayl koruyup 6nce hangi ikiliyi hesapladigini degistirmektir; uygun
boyutlarda gecerlidir.

Ekonomik zinciri dusun: trun miktarlarindan girdi miktarlarina, girdilerden maliyete
geciyorsun. Ara toplami 6nce hesaplayabilir ya da Grin basina maliyeti 6nce bulabilirsin.
Ama “fiyatlar Gretim miktarlariyla ters sirada carpmak” ayni ekonomik islem degildir.

(AB)C = A(BC), but AB is not generally BA
Back to English
Identity, zero and symmetry are properties with conditions

| birim matristir: dogru boyutla carpildiginda girdiyi degistirmez. O sifir matrisidir: her
hicre sifirdir ve kare olmak zorunda degildir. Ana kdsegen sol Ustten sag alta uzanir. Kare
matrisin satir ve sttun sayisi aynidir; her kare matris birim ya da simetrik degildir.

Simetri aij=a; demektir. Kimlik matrisi simetriktir. Bir iktisadi veri tablosunun kare olmasi
karsilikh iliskilerin esit oldugunu kanitlamaz. Notlardaki “variance-covariance matrix”
ifadesi bir uygulama hatirlatmasidir: kovaryans matrisi simetriktir cunku
cov(Xi,Xj)=cov(X;,Xi). Notta bunun istatistiksel hesabi verilmedigi icin burada yeni bir
istatistik Unitesi eklemiyoruz.

Back to English
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Transpose changes the address, not the value

Transpoz alirken aij degerini degistirmeden yeni matrisin j. satir, i. sitununa tasirsin. iki
kez bu islemi yapinca baslangica donersin. Sttun vektorinun transpozu satir vektoérudur.

AT hemen her boyutta tanimlidir; A-1 ise sonraki Unitede ele alinacak, yalnizca
terslenebilir kare matrisler icin tanimlidir. ATA veya AAT genelde | degildir. Ustteki T bir
kuvvet sayisi degil, islemin adidir.

T
(A7) = 9

Back to English
ME-05-C1 Question support

Once ic boyutlari karsilastir; sonra dis boyutlarla sonuc kutusunu belirle.

Return to foundations

ME-05-C2 Question support

Bir satirin her teriminin hangi birime déntstigtnt dusun.

Return to foundations

ME-05-C3 Question support

AB Once 2x4 olur; bunun transpozu 4x2 olmali.

Return to foundations
Entrywise operations

Matris cebirini sayilar cebirine hlcre hicre indiriyoruz.

(A+xB)..=a.*xb.
ij ij ij

A ve B ayni boyutta olmazsa karsiligi olmayan htcreler olusur. Ayni boyut ve ayni
ekonomik etiketler altinda i,j adresindeki iki sayiyi toplar veya cikaririz; baska hlcrelere
dokunmayiz.

(aA)ij = aaij

a bir sayidir. Ornegin a=-2 ise sifirlar yine sifir, pozitifler negatif, negatifler pozitif olur.
Sadece bir satiri carpmak oA degildir; tim girisler carpilir.

(A+B).. = a..+b.. = b..+a.. = (B+A)..
ij ij ij ij ij 1)

Bu bir 6rnek degil, her i,j icin gerekcedir. Boyutlar ayni ve butun karsilikli girisler esit
oldugundan matrisler esittir.
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((A+B)+C)ij = (aij+bij)+cij = aij+(bij+cij)

Parantezler degisti, A,B,C sirasi degil. Her hlicrede sayilarin birlesme 6zelligi gecerli
oldugu icin matrislerde de gecerlidir.

o(A+B) = aA+aB
Skalerin dagitilmasi, her hiicrede sayisal dagiima 6zelligidir. Toplamdaki iki matrisin ayni

boyutta olmasi gerekir.

Back to English
Why the row-column rule works

Ortak Urun/kategori Uzerinden eslestir, carp ve topla.

mannxp - mep

i sonuctaki satiri, j sonuctaki sttunu secer. k aradaki eslestirme indeksidir: A'nin k. sutunu
B'nin k. satiriyla eslesir. p, B'nin sttun sayisidir.

— ) —_ n
Cij = a1 Pqj + apby + -+ A by =2, by

2 “toplam” isaretidir; burada k=1'den n’ye kadar terimleri ekle demektir. Her sonug
hlcresi bir toplamdir; yalniz aibij degildir. Bu tanim dogrusal bilesimleri art arda
uygulamayi temsil eder.

(AB)X: mXn - nxp - px1l->mx1l

B once uygulanir ciunku x’in yanindadir. A(Bx) ifadesi 0nce Bx, sonra A ile carpim
demektir. Yazidaki soldan-saga matris sirasini ekonomik islemin uygulanma sirasiyla
karistirma.

Back to English
Identity and the rules that preserve order

Uygun boyut kosulunu her kuralin parcasi olarak tut.

| A =A
m

m mXxn

=A I
n

X mXnn

Im'nin i. satiri yalniz i. konumda 1 tasir; carpimda A’'nin i. satirinin katsayisi 1, digerlerinin
katsayisi 0 olur. Sagdaki In de sGtunlari ayni sekilde secer. Dikdértgen A igin soldaki ve
sagdaki birim matris ayni boyutta degildir.
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A(B+C) = AB+AC; (A+B)C = AC+BC

Ik esitlikte bxj+ckj her ai ile carpilir: aikbxj+aicy. ikinci esitlikte (aik+bik)ck acihr. Sonuclari
toplarken higbir matrisi digerinin Gzerinden gecirmiyoruz; AC yerine CA yazilamaz.

P(z. "a. b, )c

((AB)C).. = % k=1 %ik ke

J
Burada £, B'nin sutunlari/C’'nin satirlari arasinda dolasan ikinci toplama indeksidir; q son
matrisin sGtun sayisidir. ilk carpim AB boyutu mxp, son sonu¢ mxgq olur.

=1 0j

s Pp

_ n
=21 (2,170, Ch)

1 = (A(BC))

ij

Sonlu toplamda sayilarin toplama/carpma o6zellikleriyle gruplayabiliriz. BC boyutu nxq,
A(BC) boyutu yine mxq olur. Her i,j girisi esit oldugundan (AB)C=A(BC). Bu gerekce
AB=BA iddiasI icermez.

Back to English
Transpose identities, explained entry by entry

Transpoz kurallarinda 6zellikle carpimin sirasini neden ters cevirdigimizi gosteriyoruz.

T\T T

ik islem i,j adresini j,i yapar; ikinci islem geri cevirir. Deger degismedigi icin (AT)T=A.
((A+B)T)ij = a+b; = (AT+BT)ij
Toplamanin ilgili girisini tasisak da dnce girisleri tasiyip sonra toplasak da aji+b;i elde
ederiz. Ayrica matris toplamasi degismeli oldugu icin AT+BT=BT+A".

.
((AB)'); = (AB); = I, "ay by

A mxn, B nxpise AB mxp ve transpozu pxm olur. i simdi 1,...,p, jise 1,....m
araligindadir.

_ T Ty _ (rTAT
- z|<=1n(B A )kj =(B'A )ij

Burada aj ve bki birer sayidir; sayisal carpmanin degisme 6zelligini kullaniyoruz,
matrislerin degil. BT pxn, AT nxm oldugu icin dogru sonu¢ pxm. Tuam girisler esit
oldugundan kural elde edilir.

Back to English
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Source examples: equality and componentwise arithmetic

Kaynak sayilar korunmustur; her hicreyi ayri kontrol et.
Source PDF pages 17-20
-1 0 -1 -3

2 -3 0o 2

A ve C ayni sayilari icerir ama ayni adreslerde degil. Ornegin a12=0, c12=—3. Esit
olmamalari icin tek bir farkli hicre yeterlidir; boyutun ayni olmasi tek basina yetmez.

7
= = X1=7, X2=5
5

iki adet 2x1 matris esit: ilk satirlar x1=7, ikinci satirlar x2=5 verir. Vektorde sira
onemlidir; x1 ile x2'yi degistirmeyiz.

antbir  anzxbi
A+B =

az1tb2:1  azxbz2

Bu formul kaynak p18’deki genel 2x2 toplam/cikarma kuralidir. Arti secersen butin
hucrelerde toplama; eksi secersen A—B sirasiyla ¢cikarma yaparsin.

-1 0 -2 + 0O 1 3 -1+0 0+1 -—-2+3
2 1 3 5 2 1 2+5 1+2  3+1

Ik satirdaki ¢ toplami sonra ikinci satirdakileri yap. ikinci matrisin ilk satirini birinci
matrisin ikinci satirina eklemek adresleri bozar.

1 1
A+B = = B+A
7 3 4

—140=-1; 0+1=1; —2+43=1; 24+5=7; 14+2=3; 3+1=4. Bu 6rnek toplamanin degisme
0zelligini gosterir. AB'nin de degismeli oldugunu géstermez.

2 0 1 3-2 3-0 31 6 0 3
-1 3 4 3:(-1) 33 34 -39 12

Kaynak p20’deki alti girisin hepsini 3 ile carptik. —1 girisinin sonucu —3'tur; sifir 0 kalir.

Boyut yine 2x3.

Back to English
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Source examples: compatible products

Her carpimin once boyutunu, sonra girislerini belirle.

Source PDF pages 21-22

B A - undefined

Ay 2B 2x3’ Pax3M2x2

2x2B2x3 > C

Ondeki (lead) ve arkadaki (lag) matris sirasi sonucu belirler. ikinci ifade “farkl bir cevap”
degil; standart matris carpimi olarak tanimsizdir.

AmXnBpxq is defined exactly when n=p; the result is mxq.

Kaynak p21’'de B’nin boyutunu pxq diye adlandirir. Bu gosterimde A’'nin n sttunu B'nin p
satiriyla eslesmeli: n=p. Sonuc¢ A’dan m satir, B’den q suitun alr. Ustteki tiretmelerde B
dogrudan nxp yazilarak eslesme bastan saglanmisti; harfler farkli adlandirildi ama kural
aynidir.

b1 b1z bis
|: a1l a1z :| = |: C11 C12 Ci3 :|
b21 b2z b2s

A’'nin tek satiri, B'nin Ug¢ sutunuyla ayri ayri carpilir. Her cikti iki terimli toplamdir.
Cii=a1ibii+ai12b21; Ci2=ai11bi2+a12b22; ciz=ai1ibiz+ai2b23

IIk hiicrede B’nin ilk stitunu (bi1,b21), ikincide ikinci stitunu (b1z,bz2), tclnclde Uclnci
sutunu (bis,b23) kullanilir.

Kaynak bu iki 2x2 matrisi verir. Asagida hesaplamayi tamamliyoruz; her iki carpim da
tanimh oldugu icin gercek bir degismeme 6rnegi elde ederiz.

1(-1)+2-2 1-0+2-2 3 4
AB= =
3:(-1)+4-2 3-0+4:2 5

Sol Ust: —14+4=3; sag Ust: 0+4=4; sol alt: —3+8=5; sag alt: 0+8=8.

-1-14+0-3 -1-2+0-4 102
BA= = # AB
2:142:3 22424 8 12
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Bu kez satirlar B'den, sutunlar A’dan geldi. Sonuclarin boyutu ayni ama girisleri farkl.
“Matris carpimi genelde degismeli degildir” demek hicbir 6zel durumda AB=BA olamaz
demek degildir.

Back to English
Source examples: square, identity, zero and algebraic laws

Kaynakta tekrarlanan kurallari ayni yerde, tim boyut kosullariyla ele aliyoruz.

Source PDF pages 23-27

1 0 O

A, _.B ;| Lo, I
3%x3P3x%3 - 3X3; 2= o 1 |’ 3= 0 1 O
0O 0 1

3% 3 iki matrisin carpiminda i¢ boyutlar 3=3 ve dis boyutlar 3x3. |2 ve Is’te yalniz ana
kdsegen 1, butun diger girisler 0. Kare olmak, késegenin 1 olmasi anlamina gelmez.

1 2 3 1-1+0-0 1-2+0-1 1-3+0:4 1 2

|2 — —

0O 1 4 0-1+1:0 02+1-1 0-3+14 0 1 4

Her hicrede bir 1 ve bir 0 dogru satiri secer. Sagdan carpacak olsaydik 2x3 matris icin Is
gerekirdi: Als=A. Al boyutsal olarak tanimsizdir.

0 O

0 O
O2X2= i O2X3=
0 O 0O O

Sifir matris kare olmak zorunda degildir. Boyutu yazmak karisikhigi énler. Ornegin
A2x3+02%x3=A olur; A2X3+02X2 tanimsizdir.
A2X3B3X2 - 2X2; BaX2A2X3 - 3X3

Kaynak p25'teki ornekte iki ic boyut da uyumludur. Yine de farkl boyutlu sonuclar ayni
matris olamaz. Bu, “iki carpim da tanimliysa esittir” hatasini duzeltir.

(AanBnXp)Cpxq - M X, Aan(BnXpCpXQ) - MXq

A’nin n sttununu karsilayabilmek icin B’'nin n satiri; C'nin p satirini karsilayabilmek icin
B'nin p sdtunu gerekir. Parantezler degisir, matris sirasi korunur.

A+B=B+A; (A+B)+C=A+(B+C); A(B+C)=AB+AC; (B+C)A=BA+CA; a(A+B)=0A+aB
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Toplama kurallarinda tim toplananlar ayni boyutta; carpmali kurallarda ilgili carpimlar
tanimli olmali. Son esitlik p27'de skaler a ile verilen dagitma kuraldir. Sagdan dagitirken
A’yi sola tasiyamayiz.

Back to English
Source examples: transpose and row comparisons

p27°'de A ve AT acik verilmis; satir-satir benzerlik carpimini tamamliyoruz.

Source PDF pages 27-28

0O 3
0 1 2

A= = AT= 1 -1
3 -1 -2

2 -2

0,1,2 birinci situna; 3,—1,—2 ikinci sGtuna gecti. A 2x3, AT 3x2. Negatif isaretler korunur;
transpoz isaret degistirmez.

02+12+22 0-3+1:(=1)+2(~2)
3:0+(=1)1+(=2)2  32+(=1)2+(-2)

AAT=

Ana kosegen ayni satirin kendisiyle carpimidir; kdsegen disi iki farkli satirin carpimi.
Ozellikle (—=1)2=1, (—2)?=4; parantezleri unutma.

5 -5
AAT= s 14 i (AAT)T=AAT

iki capraz giris esit oldugundan sonuc simetrik. Ancak | degildir; bu, A™nin ters matris
olmadigini gosterir. Kaynak p27'deki Bax2BT2x4 6rnegi de 4x4 sonuc verir; B'nin sayisal
girisleri verilmedigi icin say! Uretmiyoruz.

Bax2BT2xX4 = 4%4

B'nin sayisal girisleri verilmemistir; bu nedenle sayisal sonu¢ uydurmayiz. B dort satir, iki
sUtun; transpozu iki satir, dort sGtundur. BBT dort satiri birbiriyle karsilastiran 4x4 matris
verir.

1 0 4
S= 0 3 t |; S™=S; I™=l3
4 t 2
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Kaynak gorselindeki (2,3) ve (3,2) girislerinin ayni yazildigi acik; fakat klcuk fotografta
sayinin 7 mi 9 mu oldugu kesin secilemiyor. Bu nedenle t ile gosteriyoruz: t herhangi bir
gercel sayi oldugunda da 0=0, 4=4, t=t eslesmeleri simetriyi kanitlar. 1,3,2 kdsegen
girisleri yer degistirmez. Kimlik matrisi de kendi transpozuna esittir.

(AT)™=A; (A+B)™=AT+BT=BT+AT; (AB)"=BTAT

Kaynakta AB=C icin C mxp iken CT pxm olur. Formullin ayrintili gerek¢esi bu unitenin
transpoz turetmesinde verildi. Ayni sayfadaki ters matris konusu ME-07'de, bagimsizlik
konusu ME-06'da ayrintili ele alinir.

Kaynak okuma notu - PDF 28

Okunamayan rakami tahmin ederek kesin sayi diye sunmadik. iki karsilikh giriste ayni t kullaniimasi,
kaynakta amaclanan simetri iliskisini eksiksiz korur.

Back to English
ME-05-W1 Worked example support

Bu tablo gercek bir hesap zinciri tanimlar: Grin miktari - toplam malzeme ve emek -
toplam degisken girdi maliyeti. Satirlardaki farkl fiziksel birimleri dogrudan
toplayamazsin; fiyatla carpip ayni para birimine donustlirunce maliyetleri toplayabilirsin.
C6zUmU acmadan 6nce r'nin kag girisli ve K'nin hangi birimde olacagini yaz.

A2X303X1 = rzXi1; piXarzxXi = KiXi

r: malzeme kilogrami, r2 emek saatidir. p’nin ilk fiyati malzemeye, ikincisi emege aittir.
Carpimda siralari ayni tutuyoruz; K skaler olarak okunabilen 1x1 sonuctur.

rn = 2(10)+1(20)+3(5) = 20+20+15 = 55 kg

Birinci 4run 20 kg, ikinci 20 kg, tcuncu 15 kg kullanir. Hepsi ayni girdinin kilogrami
oldugundan toplam 55 kg anlamlidir.

r- = 1(10)+2(20)+0(5) = 10+40+0 = 50 labour-hours

Uclincl Grine ait sifir bu basit modelde dogrudan emek gereksinimi olmadigi
varsayimidir; Griiniin gercek hayatta hic maliyeti olmadigini séylemez. iki girdi toplaminin
birimleri farkhdir.

55
r= | | K=4(55)+6(50)=220+300=520

4 para/kg x 55 kg = 220 para; 6 para/saat x 50 saat = 300 para. Birimler sadeleserek
ayni para birimine dontstigu icin toplam 520 olur.
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pA= |: 4-2+6-1 4-1+6-2 4-3+6-0 :|= |: 14 16 12 :|

Birinci Grinln bir birimi 2 kg ve 1 saat kullanir: 8+6=14. ikinci Griin 4+12=16, Gc¢lncl
12+0=12. Sonu¢ 1x3 Urun-basina maliyet satiridir.

(pA)g = 14(10)+16(20)+12(5) = 140+320+60 = 520 = p(AQq)

Bu birlesme &zelliginin iktisadi anlamidir. Once toplam kaynak sonra maliyet veya énce
birim maliyet sonra miktar ayni toplami verir. p,A,q sirasini ters ¢cevirmedik.

2
2:2+1:0+3-0 4
Ag= 0 |; Ar=AAqg= =
0 1-2+2:0+0-0 2

A degisim demektir: yeni deger eksi eski deger. Sabit A altinda A(g+Aq)—Ag=AAq; bu
dogrusal dagilma 6zelliginden gelir, yeni bir davranis varsayimi degildir.

AK=pAr=4(4)+6(2)=16+12=28; Knew=520+28=548

Sonug¢ bagimsiz bigimde Grin 1’in birim maliyetiyle kontrol edilir: 2 adet x 14 para/adet =
28 para. Yeni girdi vektoru (59,52)", maliyet 4x59+6x52=548 olur.

Aqg ve pA’'nin birimlerini, buldugun maliyet degisiminin ne anlama geldigini ve
varsayimlari acgiklayan 2-3 cumle yaz.

Return to the worked example

ME-05-S1 Question support

Once bes bos 2x2 kutu ciz. Toplama/cikarma ve skaler islemleri hiicre hiicre; AB ve BA'yi
satir-sutun yap. Otomatik sayisal kontrol yalniz AB’nin dort girisini denetler; diger
sonuclari ve yorumu ¢c6ztmle kendin karsilastir.

A+B’nin anlamini belirt; AB'nin sirf boyutu uygun diye anlamli bir Gretim toplami
olmadigini acikla.

Return to the problem
ME-05-S2 Question support

Her magazanin Ug urln satisini ayni fiyatlarla degerlendir. Geliri karla karistirma. Toplam
geliri bulurken iki magazanin para cinsinden sonuclari toplanabilir.

Gelir farkini sayisal yaz; kar karsilastirmasi icin hangi eksik bilgiye ihtiyac oldugunu soyle.

Return to the problem
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ME-05-S3 Question support

Bu soru iki yanlis genellemeyi test eder: “transpozda sira degismez” ve “AT ters
matristir”. Kaynak ihtiyaci icin burada birimsiz standartlastiriimis indeks kullandik;
kilogram ile saat karelerini ayni fiziksel birim gibi yorumlamiyoruz.

Satirlarin kendiyle ve birbiriyle carpimini yorumla; bu sayilari kaynak toplami ya da
neden-sonuc etkisi diye adlandirma.

Return to the problem
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Hints Level 1 Choose the strategy

Use one hint, then go back and try. The second level gives a more specific intermediate move.
ME-05-S1

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlar ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-05-S2

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-05-S3

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2
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Hints Level 2 One useful next move
ME-05-S1
For AB, row 1 is [3,1] and column 2 of B is [2,3]; their dot product is not 1 x 2.

Once A+B’de ayni adresleri eslestir. AB'de (1,2) girisi 3x2+1x3 olmali. BA’da kullanilan satir ve siitunlar
degisir.

Return and complete your attempt

ME-05-S2

Revenue is a row of quantities times the price column. Write (2 x 3)(3 x 1) before
calculating.

ilk magaza icin 4x5+6x8+2x10. pQ sirasinin ic boyutlarini ayrica kontrol et.

Return and complete your attempt

ME-05-S3
ABis2 x 2; BTATis 2 x 2, but ATBT is 3 x 3.
Once boyutla adaylari ayir. AA™nin (1,2) girisi A’nin iki satirinin ic carpimidir.

Return and complete your attempt
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Solutions and model interpretations
ME-05-W1 Model interpretation

The plan requires 55 kg of material and 50 labour-hours, while pA gives input costs of 14,
16 and 12 currency units per product unit. Two additional units of product 1 raise input
cost by 28 currency units, assuming unchanged technology and input prices. This is not a
profit forecast because output revenue and any other costs are not specified.

Aq toplam fiziksel kaynaklari; pA ise Urlin basina parasal girdi maliyetlerini verir. Uretim
artisi yalniz birinci drinde oldugundan A’'nin birinci sGtunu iki kez eklenir: +4 kg, +2 saat.
Bunlar fiyatlandirinca +28 para cikar.

Isaret pozitiftir ctinkii bu drnekte ilave Uretim pozitif miktarda fiyatlandiriimis girdi
gerektirir. Sabit teknik katsayi ve fiyat varsayimi yoksa eski birim maliyetleri dogrudan
kullanamazdik. Satis fiyati ve diger maliyetler bilinmedigi icin karin arttigini sdéylemek
hatalidir.

Check the explanation
[1 Distinguishes total input quantities from costs per product.
[0 Reports 4 additional kg, 2 additional labour-hours and 28 currency units.

1 Conditions the result on fixed coefficients/prices and does not claim profit rises.

ME-05-S1 Solution

3+1 1+2 4 3
A+B= =
2+0 4+3 2 7

Add matching entries.

Ayni fabrikanin ayni Grintnu iki hafta boyunca toplariz; ekonomik etiketler ayni sirada olmalidir.

Scale all four A entries, then subtract B entry by entry.

Once 2A=[[6,21,[4,8]] olur. B’nin butin girisleri dogru adresten cikarilir; 2(A—B) yazmak farkli islemdir.
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3-1+1-0 3-2+1-3 3 9
AB= =
2:1+4-0 2:2+4-3 2 16

Use each A row against each B column.
Dort toplam sirasiyla 3+0=3, 6+3=9, 2+0=2, 4+12=16.
1-3+2:2 1-1+24 7 9

BA= = # AB
0-3+3:2 0-1+34 6 12

Use B rows against A columns.
Sol st 7 ile 3 farkl; dolayisiyla matrisler esit degil. Bazi hiicrelerin esit olmasi bitin matrislerin esitligine

yetmez.

2
1 4

AT=

Move each A row into a column.
A12=1, transpozun (2,1) girisine; A21=2, transpozun (1,2) girisine gider. Kdsegen 3 ve 4 ayni yerde kalir.
Model English interpretation

A + B gives two-week output for each factory-product pair if both weeks use the same
units and ordering. AB is a valid numerical matrix product, but the columns of A are
products while the rows of B are factories; the supplied labels do not define a shared
economic category. Therefore AB cannot automatically be read as two-week production.

Turkce reasoning

Boyutlarin ikisinin de 2 olmasi etiketlerin ayni oldugu anlamina gelmez. A sttunundaki
“ran 1” ile B satinndaki “fabrika 1” yalniz numarasi ayni diye eslestirilemez. Bu ornek
boyut uyumunun gerekli fakat iktisadi yorum icin tek basina yeterli olmadigini 6gretir.

Check your explanation

[0 A+B totals matching factory-product cells across weeks.

[1 AB is defined algebraically but its shared dimensions do not match the supplied categories.

[ Does not interpret AB as total production.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
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ME-05-S2 Solution
Q2x3p3X1 = 2x1; p3x1Q2x%3 is undefined (1 = 2)

Check conformability before arithmetic.

pQ icin i¢ boyutlar 1 ve 2 farklidir; bu islem sadece “yanlis sira” degil, tanimsiz carpimdir.

0 4-5+6-8+2-10 20+48+20 88
p= = =
3:5+5-8+7-10 15+40+70 125

Price and sum each store’s product sales.
UrGin adedi x para/adet = para. Birinci magaza 88, ikinci 125 para gelir elde eder.
Total revenue = 88+125=213

Add the two store revenues.

iki sonuc ayni para birimi ve déneme ait oldugundan toplanabilir. Satis miktarlarinin hepsinin verilen
fiyatlardan satildigi varsayildi.

4 3
Q™= 6 5 |; 12Q=Q=Qls
2 7

Transpose swaps store and product axes; identity sizes differ.

QT satirlari artik Grdnler, sGtunlari magazalardir. |2 solda iki magaza satirini, Is sagda Ug Grln sGtununu
korur.

Model English interpretation

Store revenues are 88 and 125 currency units, for a total of 213; store 2 earns 37 more in
sales revenue. This does not establish higher profit because the stores’ costs are not
given. The calculation assumes all listed units are sold at the common fixed prices.

Turkce reasoning

125-88=37 yalniz satis geliri farkidir. Daha yuksek kira, personel veya urun tedarik
maliyeti bu farki asabilir. Matris carpimi burada fiyatlandirmayi duzenler; tuketici
davranisl ya da gelecekteki satis miktari hakkinda nedensel tahmin yapmaz.

Check your explanation
[ Reports revenues 88 and 125 and total 213 in currency units.

[1 Store 2 revenue exceeds store 1 by 37.
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1 No profit ranking without costs.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-05-S3 Solution

AB 1.2+2-1+0-0 1-1+2-3+0-2 4 7
0-2+1-1+3-0 0:-1+1-:3+3:2 1 9

Compute all four row-column sums.

Sonuc 2x2. Ust sag 1+6+0=7; alt sol 0+1+0=1, yani AB simetrik degildir.

1 O
4 1 2 1 0
(AB)T= ; BT= ; AT=| 2 1
7 9 1 3 2
0 3
Transpose each matrix without changing values.
AB’nin 7 ve 1 girisleri yer degistirir. BT 2x3, AT 3x2 olur.
2:1+1:2+0-0 2:0+1-1+0-3 4 1
BTAT= = =(AB)T
1-14+3-24+2:0 1-:0+3-1+2-3 7 9

Verify the reversed-order identity numerically.
Dort girisin tamami esit. ATBT ise (3%x2)(2%3) oldugundan 3x3 olur; tanimlidir ama 2x2 matrisle esit

olamaz.

12422402 1-0+2-1+0-3 5 2
AAT= = # |2
0-1+1:243:0  02+12+32 2 10

The row-comparison matrix is symmetric, but not the identity.

Ana kdsegen 5 ve 10, capraz girisler 2. I2'nin késegeni 1 ve caprazi 0 olmaliydi. Ustelik A dikdértgen
oldugundan burada siradan iki tarafli A-* zaten tanimh degildir.

Model English interpretation

The diagonal entries 5 and 10 measure the sums of squared indices in the two resource
profiles; the off-diagonal 2 is their dot product. These compare the specified profiles
rather than calculate total resources used, since no production quantity vector is applied.
They are not causal effects and are not a normalized correlation measure.
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Turkce reasoning

Birinci profil (1,2,0), ikincisi (0,1,3). Kendiyle carpim 5 ve 10; iki profilin ayni Grtunlerdeki
indeks carpimlarinin toplami 2’dir. Bu degerler dlcege baglidir ve bir korelasyon katsayisi
gibi —1 ile 1 arasinda olmak zorunda degildir. Toplam kaynak icin ayrica trin miktari q
gerekir ve islem Aq olur.

Check your explanation

[1 Diagonal entries are sums of squared row indices.

] Off-diagonal 2 is the dot product of the two resource profiles.
[ No output quantity vector or causal model is supplied.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
Concept check answers

ME-05-C1 Answer A

The shared dimension is 3; the output keeps 2 rows and 4 columns. BA would require 4 =

2.

AB icin 3=3 eslesir ve dis boyutlar 2x4 kalir. BA icin 4 ile 2 eslesmez. Tanimsiz bir carpima “0” yazamayiz.
If you chose differently: Write the dimensions in the same order as the matrices. Do not compare only
the outside numbers.

A ve B’nin boyutlarini carpim sirasiyla yan yana yaz. icteki sayilar esit mi? Siralamayi ters cevirdiginde bu
testi yeniden yap.

ME-05-C2 Answer B

The common product index disappears in the sum; the input category remains.
(kg/aran)xuarin=kg. Ayni girdinin farkli Grtnlerde kullanilan kilogramlarini toplarnz. Satir hangi girdiyi
anlattigini korur; trin indeksi toplamda ortadan kalkar.

If you chose differently: Track the units of aiq;, then ask what summing over j means.

Once tek terimi oku: i girdisinin j Grind icin birim ihtiyaci X j GrinGnin miktari. Sonra butin Granleri topla.

ME-05-C3 Answer B

BTis 4 x 3and ATis 3 X 2, giving 4 X 2. The order reverses.

BTAT boyutlari (4x3)(3x2) oldugundan 4x2 verir. ATBT ise (3%x2)(4x%3): i¢ boyutlar uyusmaz. Boyut testi
yanlis kurali daha hesap yapmadan yakalar.

If you chose differently: Transpose both sizes, then test the product. The result must be 4 x 2.

Her matrisin satir ve sutun sayisini degistir. Sonra carpimin i¢ sayilari eslesiyor mu diye bak; sonug
mutlaka 4x2 olmali.
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Reflection and a second attempt

For each skill, mark: not yet / with help / alone. “Alone” means you can demonstrate it with the
explanation closed.

1 Not yet [0 With help [J Alone
| check dimensions and category labels before calculating.

1 Not yet [0 With help [J Alone
| can distinguish entrywise addition/scaling from row-column multiplication.

1 Not yet [0 With help [J Alone
| can explain why associativity preserves order and transpose reverses product order.

1 Not yet [0 With help [J Alone
| can interpret a labeled matrix result without inventing economic meaning.

Co6zum kapaliyken her hiicrenin nereden geldigini sdyle. Bir hesap tutsa bile boyut, kategori sirasi ve 6lcl
birimi uygun degdilse ekonomik yorumu durdur. Birim/sifir/simetrik matrisleri tanimlarindan ayirt et;
transpozu ters matrisle karistirma.

The first step | could not explain, and the check | will use next time

Next attempt: problem ID and date

Progress is manual. Keep the first attempt visible; use a new page or a different pen colour for the retry.

Source scope

Visually verified PDF pp. 17-28, including high-resolution crops of embedded notes on pp. 27-28. Exact
readable source examples are retained and completed; original W1/S1-S3 are separate. One repeated
symmetric off-diagonal digit on p. 28 is uncertain and explicitly parameterized. All other calculations were
independently recomputed. p. 28 inverse notes are covered in ME-07; p. 28 independence notes are
covered in ME-06. No external theory is silently attributed to the notes.
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ME-06 Linear Independence &
Determinants

Source PDF pages 29-35; independence preview on 28

Test independence, compute 2x2 and 3x3 determinants, and separate unique algebraic
solutions from feasible economic solutions.

Foundations | Derivations | Source examples | Worked example | Independent practice | TUrk¢e support |
Hint levels 1 and 2 | Solutions and English interpretations | Reflection and retry

Before you start

What do | already understand, and which step do | need to explain?

Do not mark a skill “alone” just because a solution looks familiar. A useful attempt includes the model, the
operations, the check and the interpretation.

Foundations
Equations can repeat information

A square matrix has as many rows as columns, but that alone does not guarantee a
unique solution. A row may be a linear combination of the other rows, so it adds no new
independent coefficient information.

Anxnxnxl - dn><1
Symbol English meaning Tlrkce karsiligi
A Square coefficient matrix Kare katsay! matrisi
X Unknown-variable column Bilinmeyenler stutunu
d Given right-hand-side column Verilen sag-taraf sabitleri
n Number of rows and columns Satir/sutun sayisi, pozitif tam sayi

Tlrkce explanation
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Linear combination: scale and add vectors

Given vectors va,...,vr of the same dimension and real coefficients ka,...,kr, a linear
combination is kivi+-:-+krvr. INndependence means the zero vector can be formed only by
choosing every coefficient equal to zero. The source calls the common vector space V; in
these examples we can take V = R™, the set of all real vectors with m components, which
is closed under addition and scalar multiplication.

kivi+ -+ kevr =0

Symbol English meaning Tlrkce karsiligi

Vi Vector i, all vectors in the same space Ayni boyuttaki i. vektor

ki Real scalar coefficient, possibly zero Sifir da olabilen gercel katsayi

0 Zero vector of the matching dimension Ayni boyuttaki sifir vektor

V, Rm Common space of m-component real m bilesenli gercel vektoérlerin ortak uzayi
vectors

Turkce explanation

Rows and columns are two views of the same matrix

An n X n matrix can be viewed as n row vectors or n column vectors. For a square matrix,
independent rows, independent columns, a nonzero determinant and existence of an
inverse are equivalent conditions.

det(A) # 0 « independent rows < independent columns < A-! exists

Turkce explanation

A determinant is one number, not another matrix

For a square matrix A, det(A), |A| and sometimes Det A denote its determinant. The bars
here do not mean the absolute value of every entry. A negative determinant can be
perfectly nonzero.

For A = ’ , det(A) = a11az22 — awz2az1

Turkce explanation
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“Not all zero” is the crucial test

To prove dependence, one explicit nonzero coefficient vector producing zero is enough.
To prove independence, you must show that every solution of the coefficient equation is
zero.

Turkce explanation

Geometry: a different arrow can carry the same direction

The source vectors (1,—2)" and (—2,4)" point in opposite directions along the same line
because the second is —2 times the first. Distinct vectors need not be independent.

V2 = —2V1 = 2vi+v2 =0

Turkce explanation

Nonzero does not mean positive, large, stable or feasible

The determinant’s nonzero status answers a uniqueness question. Its sign alone does not

say that prices, quantities or profits are positive, nor that a dynamic adjustment process
is stable.

Turkce explanation

Minor versus cofactor

Mi is the determinant of the smaller matrix left after deleting row i and column j. The
cofactor Cij adds the sign (—1)*. The source uses C for cofactors; here C is not a separate
data matrix.

+ - +
i = (—1)'+JMij; sign pattern | - + -
+ - +
Symbol English meaning Tlrkce karsiligi
Mi Minor: determinant after deleting row i i. satir ve j. sUtun silindikten sonra kalan
and column j determinant
Cij Signed minor (cofactor) isaretli minér, kofaktér

Turkce explanation
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Pause and test your understanding

ME-06-C1

You find —2vi1 + Ov2 + vz = 0. What follows?

A. The vectors are independent because one coefficient is zero.

B. The vectors are dependent because the coefficients are not all zero.

C. Nothing follows unless every coefficient is nonzero.

My choice and the reason, before checking

Turkge question support | Check later

ME-06-C2

A square coefficient matrix has det(A) = 0. Which conclusion is justified without
inspecting d?

A. Ax = d has no solution for every d.

B. Ax = d has infinitely many solutions for every d.

C. Ais singular; Ax = d has no unique solution, but consistency depends on d.

My choice and the reason, before checking

Turkce question support | Check later

ME-06-C3

A 3 x 3 determinant is expanded through row 2. Which minor-sign pattern is correct?
A. +a21M21 — a22M22 + a23Mzs

B. —a21M21 + @22M22 — a23Mas3

C. +a21M21 + a22Mz22 + az23Mzs

My choice and the reason, before checking

Turkce question support | Check later
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ME-06-C4

A model gives det(A) = 0 but its unique output vector includes —5 units. What should you
report?

A. The determinant calculation must be wrong.

B. The algebraic solution is unique but violates nonnegative production; the economic restrictions need
review.

C. Negative production proves the dynamic system is unstable.

My choice and the reason, before checking

Turkce question support | Check later

Derivations with reasons
Testing a nontrivial combination

Translate one vector equation into ordinary scalar equations.

kivi+---+krvr=0

Start with all coefficients unknown; the zero vector has the same dimension as each vi.
ki=---=kr=0 is always a solution

Substitute zeros: each term becomes a zero vector.

If some k;#0, then Vj=—zi¢j(ki/kj)Vi

Move the other terms to the right and divide by the chosen nonzero coefficient.

Only all-zero coefficients = independent; at least one nontrivial relation =
dependent

These are opposite cases of the definition.

Detailed Turkish reasoning
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Why the 2 x 2 determinant appears in elimination

The determinant is the coefficient left when the other unknown is eliminated.
a11X1+a12Xz2=d1; a21X1+az22x2=d>

Write the two scalar equations represented by Ax=d.

az22(a11X1+a12X2) — ai1z(az1xi1+az22x2) = az2di—aizd2

Multiply the first equation by a2z, the second by ai2, then subtract the second from the
first.

a11a22X1+a12a22X2—a12a21X1—ai1z2az2Xz2 = az2di1—ai1z2d2
Distribute the products and the subtraction sign to every term.
(a11azz—a12a21)X1 = az22d1—a12d2

Factor x1; name its remaining coefficient A = det(A).

AXxz2=a11d2—a21d1

Similarly, multiply equation 2 by ai11 and equation 1 by az1, then subtract to eliminate xa.

If A#0: x1=(az22d1—a12d2)/A; X2=(a11d2—az21d1)/A
Divide by the common nonzero determinant; each unknown has one specified value.
If A=0, do not divide: 0-x1 = az2d1—a12d2

Zero on the left may produce either a contradiction or a redundant equality; inspect the
original equations.

Detailed Turkish reasoning
Computing a 3 x 3 determinant by cofactors

Reduce one 3 x 3 calculation to three 2 x 2 calculations.

M11 = az22a33—az3as2

Delete row 1 and column 1; take the determinant of the remaining 2 x 2 matrix.
Mi12 = az1as3—az3as1; M1z = az1as2—azz2as31

Delete the same row and, in turn, columns 2 and 3.

Ekonomi Atdlyesi  English first « Tlrkce support

168



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

Ci11=Mu11; Ci2=—Ma12; C13=Ma3

Apply the first-row cofactor signs +, —, +.

det(A)=a11Ci1+a12C12+a13C13 = a11M11—a12M12+a13Mi3

Multiply each selected entry by its own cofactor and add.
det(A)=—a2:M21+a22M22—a23M23 = 321C21+a22C22+a23Cz3

Expansion through row 2 uses —, +, —; any row or column gives the same determinant.

_ 3 3
det(A)—Zj=1 aijCij or Zi=1 aijCij

Fix a row i in the first sum, or fix a column j in the second sum; vary only the other index.

Detailed Turkish reasoning

Source examples and checked readings

These examples retain the source numbers and mathematical content. The explanations are newly
written. Any checked correction is placed next to the affected calculation.

Source examples: row vectors and dependent rows

Complete the definitions and the three-row example on pp. 28-31.

Source PDF pages 28-31
ri = [ai1, ai2, ..., @in]; A =[r1; rz; ...; ]

Read an n X n matrix as an ordered list of n row vectors; columns provide the alternative
view.

X1
r=1[1,2,3]; r X2 | = X1+2X2+3X3

X3

The small source row [1,2,3] can be read as the coefficients of one three-variable
equation; no right-hand-side number is supplied there.

4
V= ; vi=[4,2]
2

The source sketch locates a vector by its two coordinates; transposition changes
row/column orientation, not its coordinates.
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3 4 5
A= o 1 2 ; n=[3,4,5], r==[0,1,2], r3=[6,8,10]
6 8 10

These are the exact three rows shown in the source.

rs=2r1 = r3—2r—0r2=0 = (ki,k2,k3)=(-2,0,1)

One nontrivial zero combination proves the three rows dependent.
r. = (1/2)rs — Or2

Solve the same dependence relation for row 1; one row is a linear combination of the
others.

Source reading note - PDF 31

In the notes: A short summary bullet links linearly independent vectors with a non-trivial solution,
contrary to the full definition on p. 30.

Checked form: Independent vectors have only the trivial coefficient solution. A nontrivial zero
combination proves dependence.

The summary bullet is corrected, not memorized. The explicit source relation (—2,0,1) correctly
demonstrates dependence.

TUrkce source-example reasoning
Source example: the homogeneous system at the top of p. 32

A homogeneous system has a zero right-hand side; solve this source example fully.

Source PDF pages 32
X+y+z=0; 2x—3y+z=0; —x+2y—4z=0

All right-hand sides are zero; x=y=z=0 is automatically a solution.
X=—y—2Z

Subtract y+z from both sides of the first equation.
2(-y—2z)—-3y+z=0 = —2y—2z—-3y+z=0 = —-5y—z=0 = z=-5y
Substitute into the second equation and combine like terms.
—(—y—2)+2y—4z=0 = y+z+2y—4z=0 = 3y—3z=0 = y=z

Substitute into the third equation; divide by nonzero 3.
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y=z=-5y = 6y=0 = y=0 = z=0 = x=0

Combine both restrictions; only the trivial solution remains.

1 1 1
det 2 -3 1 =1(12-2)-1(—-8+1)+1(4—-3)=10+7+1=18=0
1 2 -4

Independently check uniqueness with the determinant.
TUurkce source-example reasoning
Source example: two opposite-direction vectors

Complete the p. 32 algebra and interpret the p. 33 diagram.
Source PDF pages 32-33
1 -2

Vi= D V2= ;o ovi'=[1,-2], va'=[-2,4]
2 4

The source records both column and row notation for the same coordinates.

V2=—2V1 = V2+2Vv1=0

Choose ki=2 and kz2=1 to exhibit a nontrivial relation.
kivi+kav2a=0 = ki—2k2=0; —2ki+4k2=0

Translate the vector equation into its two coordinates.

ki=2k2; —2(2k2)+4k2=0 = 0=0

Use the first restriction in the second; no new restriction appears.
ka=t, ki=2t (teR); t=0 gives (0,0), t=1 gives (2,1)

There are infinitely many coefficient solutions, including the trivial one.

vi=(1,—2)T points southeast; v2=(—2,4)" points northwest on the same line

The p. 33 picture shows opposite arrows on one supporting line, not two independent

directions.

Source reading note - PDF 32

In the notes: One recopied lower-left line writes ki+2k2=0, while the coordinate equation above is

ki—2k2=0.
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Checked form: With vi=(1,—2)" and v2=(—2,4)T, the first coordinate is ki—2k2, giving ki=2ka.

This isolated plus sign is a source slip. The displayed vectors, original coordinate equation and resulting
relation all require a minus sign.

TUurkce source-example reasoning
Source example: a nonzero 2 x 2 determinant

The source system has determinant —11; complete the solution and verify it.

Source PDF pages 33-34

2 5 13
2X+5y=13; x—-3y=-3 = A= , d=
1 -3 -3

Read coefficients and constants without dropping signs.
det(A)=2(-3)-5(1)=—6—-5=-11=%0

Multiply the main diagonal and subtract the other diagonal product.
x=3y-3; 2(3y—3)+5y=13

From equation 2 add 3y to both sides, then substitute into equation 1.
6y—6+5y=13 = 11ly—6=13 = 11y=19 = y=19/11

Distribute, collect y terms, add 6 to both sides and divide by nonzero 11.
x=3(19/11)-3=57/11-33/11=24/11

Use a common denominator to obtain x.
2(24/11)+5(19/11)=143/11=13; 24/11-3(19/11)=-33/11=-3

Verify both original equations independently.
TUrkce source-example reasoning
Source example: the third-order determinant, two ways

Use the exact p. 35 matrix and both expansions shown in the notes.

Source PDF pages 35

2 1 3
A= 4 5 6
7 8 9
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Start with the exact source entries.

5 6
Mi1=det & o =5-9-6:8=45-48=-3

Delete row 1 and column 1.

4 6
Mi2=det S =4-9-6-7=36—-42=-6

Delete row 1 and column 2.
4 5
Miz=det g =4:8—-5-7=32—-35=-3

Delete row 1 and column 3.

det(A)=2M11—1M12+3M13=2(—-3)—-1(—-6)+3(-3)

Expand through row 1 using +, —, +.

2 3
Mz22=det =18—-21=-3; Ms2=det

7 9

—6+6-9=—9

=12-12=0

Prepare the remaining minors for an independent column-2 expansion; Miz is already —6.

det(A)=—a12Mi12+a22M22—a32M32 = —1(—6)+5(—3)—-8(0)=6—15—-0=-9
Column 2 gives exactly the same determinant.
det(A)=—9=%0 = A is nonsingular; A-! exists; rows/columns are independent

The nonzero determinant implies uniqueness for Ax=d for every compatible d.

TUrkce source-example reasoning
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Worked example
ME-06-W1 A unique production mix can still fail feasibility

A firm makes two divisible products. One unit of product 1 requires 2 kg of material and 1
labour-hour; one unit of product 2 requires 1 kg and 2 labour-hours. It must use exactly
100 kg and 80 labour-hours. Let x and y be the output quantities. Build Ax=d, test
uniqueness with det(A), solve by elimination and verify both balances. Then keep the
same technology but change the exact labour-use target to 20 hours, leaving material
use at 100 kg. Solve again and assess nonnegative-output feasibility. This is an exact-use
model, not a capacity-inequality or profit-maximization model.

Turkce question | Interpretation answer after trying

Before reading the steps: choose a method and say why it applies

2 1 100
2x+y=100; x+2y=80; A= , d=

1 2 80
Translate each resource balance into one row.
det(A)=2:2—-1:1=4-1=3#0

The coefficient matrix is nonsingular; each right-hand side has one real algebraic
solution.

Pause. Predict the next operation and justify it before reading on.

2(x+2y)=2(80) = 2x+4y=160

Multiply the labour equation by 2 to align the x coefficients.
(2x+4y)—(2x+y)=160-100 = 3y=60 = y=20

Subtract the material equation and divide by 3.
x+2(20)=80 = x+40=80 = x=40

Substitute y into the labour equation and subtract 40 from both sides.
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2(40)+20=100 kg; 40+2(20)=80 hours; x,y=0

Both balances and nonnegative-output restrictions hold.

100 .
New d= . . det(A)=3 still

Changing only the right-hand side does not change the determinant.
2(x+2y)—(2x+y)=40-100 = 3y=—-60 = y=-20

Repeat the same elimination with the new labour target.

X+2(—20)=20 = x—40=20 = x=60

Find the new x value.

2(60)—20=100; 60+2(—20)=20; y<O

The new vector satisfies both equalities but violates nonnegative production.

For x,y=0: 2x+y = 2x+4y = 2(x+2y). If labour use is 20, material use < 40, not
100.

The technology provides a direct feasibility explanation: a nonnegative mix cannot use
more than 2 kg of material per labour-hour.

Interpret before reading the model answer

Write an exam-style comparison of the two scenarios. Explain why unchanged det(A)
does not imply unchanged feasibility, and distinguish exact-use inconsistency with
nonnegative outputs from the algebraic existence of a solution.

Say your interpretation aloud; note the main result and one reason
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Independent practice

Attempt each problem before the hints. The next page of each problem is for
interpretation and checking. Do not use the solution as a copying exercise.

ME-06-S1 Rebuild a unique resource balance

Two divisible products use material and labour. Their coefficient matrix is A = [[3, 1], [1,
2]]: row 1 is kg per product unit and row 2 is labour-hours per unit. Exact-use targets are
d = (80, 70)". Compute det(A), decide whether the columns are independent, solve Ax=d
for x=(x1,x2)" by elimination, and verify both resource totals. Explain the economic
meaning and limits of uniqueness.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-06-S1 Interpretation and verification

In 2-3 sentences, interpret the calculated production plan and explain why “unique” does
not mean “profit-maximizing.”

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-06-S2 Singular does not mean the same outcome every time

A plant uses two machines. Per-unit machine-hour requirements for two divisible
products are A = [[2, 4], [1, 2]]. First the exact-use target is d = (12, 6)T; then only the
second-machine target changes, giving d = (12, 7). Compute det(A), exhibit a nontrivial
dependence relation between rows, characterize every real solution in the first case and
the nonnegative subset, and determine whether the second case has a solution.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2

Ekonomi Atdlyesi  English first « Tlrkce support 178



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

ME-06-S2 Interpretation and verification

Explain the economic difference between redundant machine-use targets and
inconsistent machine-use targets. What changed, and what did not?

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-06-S3 A three-product plan and a sign trap

For three divisible products, A = [[2, 1, 0], [0, 3, 1], [1, O, 2]] records requirements per
unit: row 1 is material kg, row 2 labour-hours and row 3 energy kWh. Exact targets are d
= (40, 75, 40)™. Compute det(A) by row 1 and check it by row 2. A student uses the sign
pattern +, —, + for row 2; diagnose this error. Solve Ax=d by substitution and verify all
three resource totals and nonnegative output. Does a positive determinant alone prove
positive quantities or stable adjustment?

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-06-S3 Interpretation and verification

Write a concise interpretation of the plan, explaining what the determinant establishes
and what the verified quantities establish. State one economic conclusion the model
cannot support.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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Turkce support

Bu bolum dili ve gerekceyi anlamak icindir. Aciklamayi! aynen kopyalama; okuduktan
sonra kendi ¢é6ziimiine don. ingilizce soru sayfalarinda yanitlari gérmeden deneme
yapabilirsin.

Equations can repeat information

iki bilinmeyen ve iki denklem gérmek, otomatik olarak iki bagimsiz bilgi gérmek degildir.
Ornegdin x+2y=6 ile 2x+4y=12 ayni kisiti iki kez soyler. ikinci denklemin katsayilari ilkinin
iki katidir; sag taraf da uydugu icin bir dogruyu tekrar eder.

Ama ikinci sag tarafi 13 yaparsan ayni katsayilar bu kez celiski verir. Bu yuzden
katsayilarin bagimhiligi ile sistemin tutarhilig: farkl sorulardir. Bu Unitede 6nce A'nin
yapisini, sonra d ile birlikte Ax=d’'nin ¢c6zimunu degerlendiriyoruz.

nxnxnxl = dn><1

Back to English
Linear combination: scale and add vectors

V1,...,Vr vektorlerin isimleri; r vektor sayisidir. ka,..., kr ise bu vektorleri kag kat alacagimizi
belirleyen gercel sayilardir. k’lar birer bilinmeyendir; “0 ¢ikan sonug vektorta” ile “0
secilen butun katsayilar” ayni sey degildir.

Trivial solution / asikar ¢co6zim: ki=:--=kr=0. Her vektér kiimesinde mimkdndr,
cunkul 0 ile carpilan her vektor sifirdir. Nontrivial solution / asikar olmayan ¢6zim:
en az bir k sifir degildir ama toplam yine sifir vektérdtr. Béyle bir iliski varsa vektorler
bagimlidir. Bagimsizlik, sifir toplamin hicbir sekilde yapilamamasi degil, yalniz asikar yolla
yapilabilmesidir.

Kaynak bu ortak vektor uzayini V ile adlandirir. Burada V=R™ dlsunebiliriz: m bilesenli
butlin gercel vektorlerin kimesi. Ayni boyutlu vektorleri toplamak veya gercel sayiyla
carpmak yine bu kimede bir vektor verir. Soyut vektor uzayinin buatun aksiyomlarini bu
Unitede yeniden kurmuyoruz; kullanilan nesneler sonlu bilesenli gercel vektorlerdir.

kivi+ -+ kvr=0

Back to English
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Rows and columns are two views of the same matrix

I. satir ri=[ai,...,ain] biciminde bir satir vektoradur. j. sutun ¢;=[aaj,...,an]" biciminde bir
sutun vektoruduar. Kaynakta satirlar vi’ ile yazilmistir; Ustteki kesme transpozu gosterir.

Ax ifadesi situn acisindan xiCi+---+xnCn'dir: x'ler sGtunlari agirhklandirir. Satir acisindan
her satir bir denklem uretir. Buradaki “kare + bagimsizlik + terslenebilirlik” esdegerligi
standart sonlu-boyutlu dogrusal cebir sonucudur; genel n icin tam ispat bu notlarda
verilmez. Asagida 2x2 durumunun nedenini dogrudan eleme ile gosterecegiz; tek sayisal
ornegi genel teoremin ispati diye sunmayacagiz.

det(A) # 0 « independent rows < independent columns « A-! exists

Back to English
A determinant is one number, not another matrix

Determinant matristen hesaplanan tek gergel sayidir. 2x2 icin ana kdsegen carpimindan
diger késegen carpimi cikarilir. 3x3 icin bu Unitede mindér-kofaktor acilimini kullanacagiz.

det(A)=0 ise Ax=d her d icin tam bir cebirsel ¢c6zUme sahiptir. det(A)=0 ise sistemin bu
verilen d altinda ya hi¢c ¢c6zUmuU yoktur ya sonsuz ¢c6zUmu vardir; “sifir determinant her

zaman ¢O6zimsuz” degildir. Bu ifadeler burada gercel degiskenli kare dogrusal sistemler
icindir.

a1l aiz
For A = , det(A) = a11az22 — awz2a2
az1 az2

Back to English
“Not all zero” is the crucial test

Bir tane karsiornek bagimsizligi ctratir: érnegin —2vi+0vz2+vs=0 iliskisinde (—2,0,1)
tuma sifir degildir. Ortadaki 0 sorun degildir; her katsayinin sifirdan farkli olmasini
istemiyoruz.

Bagimsizhigi kanitlarken sadece (0,0,...,0) ¢c6zimdir demek yetmez; bunun tek ¢6zim
oldugunu goéstermelisin. “Sifir c6zUmUunU buldum, demek bagimsiz” hatasi her bagimli
kiimeyi de yanlislikla bagimsiz saydirir.

Back to English
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Geometry: a different arrow can carry the same direction

Kaynak sekli orijinden gineydoguya (1,—2), kuzeybatiya (—2,4) oklar gosterir. Oklarin
uzunluklar ve yon isaretleri farkh olsa da ikisi ayni dogru Gzerindedir. Negatif katsayi
yonu ters cevirir; yeni bagimsiz dogrultu Gretmez.

iki boyutta bagimsiz iki situn, diizlemin iki ayri dogrultusunu belirler. 2x2 determinant
sifirsa bu iki sGtunun olusturdugu paralelkenarin alani sifir olur. Bu geometrik aciklama
yardimci sezgidir; hesapta bagimlilik iliskisini veya determinanti acikca dogruluyoruz.

V2 = —2v1 = 2vi+v2 =0
Back to English
Nonzero does not mean positive, large, stable or feasible

det(A)=-9 da det(A)=+9 da sifirdan farkhdir; ikisi de kare sistem icin tek cebirsel ¢c6zim
kosulunu saglar. Determinantin sayisal buyudkligu secilen élcu birimlerinden de etkilenir;
“daha buyuk determinant daha iyi ekonomi” yorumunu yapamayiz.

Ekonomik uygunluk ayrica x’in isaretleri, birimleri ve model kisitlariyla kontrol edilir.
Ornegin negatif Gretim miktari, benzersiz bir cebirsel ¢c6ziim olsa da bu Uretim
hikayesinde uygulanamaz. Statik denklemden zaman icindeki yakinsama ispati da
¢cilkmaz.

Back to English
Minor versus cofactor

Once satir ve sttunu silerek kalan 2x2 matrisi bul. Sonra onun determinantini hesapla:
bu Mij minorudur. Ardindan +/— isaret desenini uygula: bu Cj kofaktorudur.

Mindriin sayisal sonucu zaten negatif olabilir. Ornegin Mi12=—6 ise Ci2=—(—6)=+6. “Eksi
konumdaki minor negatif olmali” yanhstir; eksi konum hesaplanan minorun isaretini
cevirir. Kofaktoru kullaniyorsan acilimda ayrica ikinci kez dama isareti ekleme.

+ - +
C;= (—1)i+jMij; sign pattern | - + -
+ - o+
Back to English
ME-06-C1 Question support
Tum katsayilarin mi, en az birinin mi sifirdan farkli olmasi gerekiyor?

Return to foundations
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ME-06-C2 Question support

Ayni katsayilari koruyup sag tarafi degistirdiginde tutarlihk degisebilir.

Return to foundations
ME-06-C3 Question support
Kofaktor isareti (—1)"(i+j); i=2 sabit.
Return to foundations

ME-06-C4 Question support

Cebirsel tekillik/tek ¢c6zim ile Uretim miktarinin uygulanabilirligini ayir.

Return to foundations
Testing a nontrivial combination

Bagimsizlik tanimini k katsayilari icin ¢6zulebilen bir sisteme dénustur.
kivi+---+krvr=0

Vektorlerin kendi girisleri verilidir; aradigimiz vektorleri birlestiren k katsayilaridir. Bu
sistemi ¢Ozerken asil ekonomik modelin x’leriyle karistirma.

ki=---=kr=0 is always a solution

Bu adim bagimsizlik kaniti degildir. Sifir c6zim batlin vektér kimelerinde vardir; ek
¢6zUm olup olmadigini arastirmaliyiz.

If some k;=0, then Vj=—zi¢j(ki/kj)Vi

En az bir katsay! sifirdan farkliysa o vektéri yalniz birakabiliriz. Once her iki taraftan diger
terimleri cikaririz; sonra yalniz sifirdan farkl oldugu bilinen k;'ye bdleriz. Bdylece bir
vektoérun digerlerinin dogrusal bilesimi oldugu goéralur.

Only all-zero coefficients = independent; at least one nontrivial relation =
dependent

Bir vektorin digerlerinden kurulabildigi durumda yeni bagimsiz bilgi vermez. Katsay!
vektorlerinin ¢6zim kimesi yalniz sifirsa boyle bir yeniden kurma mumkin degildir.

Back to English
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Why the 2 x 2 determinant appears in elimination

2x2 durumda tek ¢6zim kosulunu dogrudan cebirden gor; herhangi bir tek girise bélmek
zorunda degilsin.

d11X1+a12X2=d1; az1X1+az22x2=d2

aij verilen katsayilar, x1,x2 bilinmeyenler, di,d2 verilen sabitlerdir. Henlz hicbir katsayinin
tek basina sifirdan farkh oldugunu varsaymadik.

az22(ai1ixi+ai12X2) — a12(az1Xi1+a22x2) = az2di—ai2d2

Her denklemin iki tarafini ayni katsayiyla carpiyoruz; sonra esitlikleri cikariyoruz. Bu islem
x2 katsayilarini ayni hale getirip yok etmeyi amaclar. Carpma icin katsayilarin sifir
olmamasi gerekmez.

A11922X1+a12a22X2—a12a21X1—a12a22X2 = az22di1—a12d2

Ikinci parantezin énindeki eksi hem x1 hem xz terimine uygulanir. iki x2 terimi tam zit
olduklarindan sifirlanir.

(a11@22—a12a21)X1 = az22di1—a12d2

A burada determinantin kisa adidir. iki késegen carpiminin farki, eliminasyon sonunda
x1'in katsayisi olarak ortaya cikti; ezberden eklenen bir sayi degil.

Ax2=a11d2—a21d1

islem a11x(ikinci denklem) — az21x(birinci denklem): x1 terimleri a11a21—az1a11=0; x2
terimleri ai1azz—az1a12=A kalir.

If A#0: x1=(a22d1—a12d2)/A; X2=(a11d2—az21d1)/A

Sifira bélme yapilmaz. A=0 kosulu bu bélmeyi yasal kilar. Bulunan degerlerin 6zgun iki
denklemi sagladigi yerine koyarak kontrol edilir; tek ¢6zim kosulunun 2x2 cebirsel
gerekgesini gorduk. Bu, sonraki Unitenin Cramer yonteminin temelindeki mekanizmadir.

If A=0, do not divide: 0-x1 = az22d1—a12d2

Sag taraf sifir degilse celiski olusur. Sag taraf da sifirsa bu eleme satiri 0=0 der; diger
denklemleri de kontrol etmeden belirli bir cozUm yazilmaz. Tekil kare sistem tutarliysa en
az bir serbestlik kalir ve sonsuz gercel ¢c6zim bulunur.

Back to English
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Computing a 3 x 3 determinant by cofactors

Laplace acilimini bir algoritma olarak duzgun uygula; burada genel n-boyutlu determinant

teoreminin tam ispatini yaptigimizi iddia etmiyoruz.
Mi1 = az2a33—az23as2

Kalan girisler [[a22,a23],[a32,a33]]. Mindr, bu matrisin kendisi degil determinantidir. iki
kdosegen carpiminin farkini al.

M12 = a2:1a33—a23a31; Mi13 = az21a32—azz2a3:

Miz icin kalan [[az21,a23],[@31,a33]]; Mis icin [[a@21,a22],[a31,a32]]. Silinen sdtunun elemanini
yanlislikla iceride birakma.

C11=Mz11; Ci12=—M12; C13=Mas

Cij=(=1)"(i+j)M;. Birinci satirdaki Gsler 2,3,4: cift, tek, cift. Minorun kendi negatif isaretini

ayrica koru.
det(A)=a11C11+a12C12+a13C13 = a11Mi1—a12Mi12+a13Mis

Kofaktor ile yazilan toplamda bUtin baglanti isaretleri artidir; eksi zaten Ciz icindedir.
Minorle yazinca +—+ deseni acik gorunur. Bu iki gosterimi karistirip eksi isaretini iki kez
uygulama.

det(A)=—az21Mz21+a22M22—a23M23 = a21C21+a22C22+a23Cz3

Kaynak ikinci satir acilimini ayrica verir. M21 icin kalan [[a12,a13],[a32,a33]]; M2z icin
[[@11,@13],[@31,a33]]; M23 icin [[a11,a12],[a31,a@32]]. Cok sifirh satir/sutunu secmek isi azaltir;
terim Oxkofaktor ise toplam katkisi sifirdir.

_ 3 3
det(A)—Zj=1 aijCij or Zi=1 aijCij

lIk toplam bir satir aciimidir: i sabit, j degisir. ikincisi stitun acilimi: j sabit, i degisir. Ayni
acilimda farklh satir ve sttunlardan rastgele uc¢ terim secilemez.

Back to English
Source examples: row vectors and dependent rows

Kaynakta satir vektoru isareti vi'; burada ayni yonu koruyarak ri de diyebiliriz.

Source PDF pages 28-31
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ri = [ai1, Qi2, ..., a@in]; A =[r1; rz2; ...; rn]
Noktali virgul satirlar alt alta yerlestirmeyi anlatir. i. satirdaki butun girislerin ilk alt indisi

i kalir; ikinci alt indis 1'den n’ye gider. Kaynak pp28-30’da bu satir ayristirmasi verilmistir.

X1
r=1[1,2,3]; r X2 | = X1+2X2+3X3

X3

Uc giris, Uc¢ bilinmeyenin katsayilardir. Sadece bu satirdan (¢ bilinmeyenin degerlerini
bulamayiz. Kaynaktaki klicik vektor ciziminde (4,2) noktasi, orijinden 4 birim saga ve 2
birim yukari giden iki bilesenli vektoru gosterir; bu ayri bir geometrik ornektir.

4
V= ; vi=[4,2]
2

iIk koordinat yatay, ikincisi dikey bilesendir. Bu ¢izim kaynakta bagimsizlik konusuna giris
icindir; tek bir okun cizilmesi cok vektorlU bir bagimsizlik testi yapildigi anlamina gelmez.

3 4 5
A= | o 1 2 |; n=[3,4,5], r=[0,1,2], r3=[6,8,10]
6 8 10

Her satiri sirayla ayri bir vektér olarak okuyalim. Uctincli satirin birinciyle oranlarini
karsilastir: 6=2x3, 8=2x4, 10=2x5.

r3=2r1 = r3—2ri—0r2=0 = (ki kz,k3)=(-2,0,1)

Katsayilarin hepsi sifir degil; k2"nin sifir olmasi kabul edilir. Hesap dogrudan
[6—6,8—8,10—10]=[0,0,0] verir. Bir tek boyle iliski bagimlilik icin yeterlidir.

rn=(1/2)rs — Orz

Kaynak p31'de iliski ters yonde de yazilir. 2 sifirdan farkli oldugu icin ikiye bélmek
mumkUndur. Kare A'nin satirlari bagimli oldugundan A tekildir; sag taraf d verilmedigi icin
belirli bir Ax=d’nin tutarlihgi hakkinda say! uydurmuyoruz.

Kaynak okuma notu - PDF 31

Kisa 0zet satirindaki bagimsizlik-asikar olmayan ¢6zim eslestirmesi hatalidir. p30’daki ayrintili tanim ve
p31l’'in kendi sayisal 6rnegdiyle tutarli dogru ifade: bagimsizlikta yalniz sifir katsayilar; bagimlilikta en az bir
sifir olmayan katsay! vektoru vardir.

Back to English
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Source example: the homogeneous system at the top of p. 32

Kaynak yalniz “homogeneous system” diye isaretliyor; burada 6rnegi tamamlayip sifir
¢6zUmun gercekten tek olup olmadigini kontrol ediyoruz.

Source PDF pages 32
X+y+z=0; 2x—-3y+z=0; —x+2y—4z=0

Homojenlik denklemin sabitler sGtununun sifir olmasidir; katsayilarin sifir olmasi degil.
Simdi bu 6rnekte baska ¢6zUm var mi diye arastiriyoruz.

X=—y—2

ilk denklemde x’i yalniz biraktik. iki taraftan ayni y+z ifadesini cikariyoruz; isaret degisimi
bu islemin sonucudur.

2(—=y—2)—3y+z=0 = —2y—27z—-3y+z=0 = —5y—z=0 = z=-5y

2 parantezin her terimini ¢arpar; y terimleri =5y, z terimleri —z olur. Her iki tarafa z
ekleyince z=-5y elde edilir.

—(—y—2)+2y—4z=0 = y+z+2y—4z=0 = 3y—3z=0 = y=7

Basta eksi, parantezdeki iki eksi isaretini de artiya cevirir. 3y=3z ve 3#0 oldugundan
y=z.

y=z=-5y = 6y=0 = y=0 = z=0 = x=0

y=-5y esitliginin iki tarafina 5y ekledik: 6y=0. 6’ya boélince y=0; diger degiskenler
yerine koymayla sifir olur. Bu érnegin katsayi sttunlari bagimsizdir.

1 1 1
det 2 -3 1 =1(12-2)-1(-8+1)+1(4-3)=10+7+1=18=0
1 2 -4

Birinci satirdan actik. M11=(—-3)(—4)—1%x2=10; M12=2(-4)-1(-1)=-7;
M13=2x2—(—3)(—1)=1. Sonuc 18, dolayisiyla yalniz sifir c6zUm bulunmasiyla tutarli.

Back to English
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Source example: two opposite-direction vectors

Kaynak vektorleri ayni dogru Uzerindedir; katsayi sisteminin bitin ¢ézimlerini bul.

Source PDF pages 32-33

1 -2
Vi= , P \2= A ovaT=[1,-2], v2'=[-2,4]

Transpoz yalniz yazim yénunu degistirir; dogrusal iliski ayni kalir. v2'nin her girisi vi'in =2
katidir.

V2=—2V1 = v2+2v1=0

2x[1,=-2]+[-2,4]=[2-2,—-4+4]=[0,0]. (2,1) katsayilarinin ikisi de sifirdan farkl; bagimhlik
kanitlandi.

kivi+kav2=0 = ki—2k2=0; —2ki1+4k2=0

lIk koordinat kix1+k2x(—2); ikinci koordinat kix(—2)+k2x4. Sonuc vektéranin sifir
olmasi her koordinatin sifir olmasi demektir.

ki=2kz; —2(2kz2)+4k2=0 = 0=0

ikinci denklem birincinin —2 katidir. Bu nedenle kz icin tek bir sayi sectirmez; bir serbest
katsayi vardir.

ka=t, ki=2t (t€R); t=0 gives (0,0), t=1 gives (2,1)

t herhangi bir gercel sayi. t=0 asikar; t=0 asikar olmayan ¢6zim verir. Bagiml vektorlerin
de sifir katsayl ¢c6zumu vardir; ayirici nokta ek ¢ozumlerin bulunmasidir.

vi=(1,—2)T points southeast; v2=(—2,4)" points northwest on the same line

Bir vektorin digerinin negatif kati olmasi yonu tersine cevirir. Oklar farkli olduklari halde
dogrusal bagimhdir. “Farkh vektér = bagimsiz vektoér” yanilgisini bu sekil acikca curttdr.
Kaynak okuma notu - PDF 32

Kaynadin alt satirindaki tek arti isareti diazeltilmistir. Vektorin ilk bileseni 1ki+(—2)kz oldugundan dogru
denklem ki—2k2=0"dir. Bagimlilik sonucu degismez; dogru gerekceyle elde edilir.

Back to English
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Source example: a nonzero 2 x 2 determinant

Kaynak p34’te determinant ve tek ¢c6zim baglantisi veriliyor. Asagida kesirli ¢6zimUunu
de tamamliyoruz; bu soyut 6rnege verilmemis bir iktisadi hikaye eklemiyoruz.

Source PDF pages 33-34

2 5 13
2X+5y=13; x—3y=—-3 = A= , d=
1 -3 -3

ikinci satirdaki y katsayisi —3, sag taraf da —3. Ayni sayi olmasi iki konumun anlamini
ayni yapmaz.

det(A)=2(-3)-5(1)=—6-5=-11=0

Sonuc¢ negatif ama sifir degil. A tekil degildir; A-* vardir; satirlari ve sutunlari bagimsizdir;
Ax=d’'nin tek cebirsel ¢c6zimu vardir. Bu esdegerlikler kaynak p33-34'te listelenir.

x=3y—3; 2(3y—3)+5y=13

x—3y=—3 denkleminden x=3y-3. ilk denklemde x’in tamami yerine parantezli ifadeyi
koyuyoruz.

6y—6+5y=13 = 11y—6=13 = 11y=19 = y=19/11

Her cebir islemi esitligi korur. 6y+5y=11y; sag tarafa 6 ekleyince 13+6=19. Bu 11,
determinantin isaret degistirmis degeriyle uyumludur.

x=3(19/11)—-3=57/11-33/11=24/11
3 sayisini 33/11 olarak yazdik, cunku ayni paydayla ¢cikarma yapiyoruz. Sonu¢ x=24/11.
2(24/11)+5(19/11)=143/11=13; 24/11-3(19/11)=-33/11=-3

iki sag taraf da tam elde edildi. Tek ¢c6zim, kesirli olamaz demek degildir. Bu érnekte x ve
y icin Olcu birimi ya da ekonomik alan kisiti verilmedi; yalniz cebirsel sonucu raporlariz.

Back to English
Source example: the third-order determinant, two ways

Birinci satir ve ikinci situn acilimlarini ayri hesaplayarak isaretleri denetle.

Source PDF pages 35
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2 1 3
A=| 4 5 6
7 8 9

A kare 3x3. Uclinci satirin son sayisi 9. Sonucun isaretine pesinen karar vermeden
minorleri hesapla.

5 6
Mi1=det 8 o =5-9-6:8=45-48=-3

Silinen birinci satir ve birinci situndan hicbir giris minérde kalmaz. Kalan 2x2
determinant —3.

4 ©
Miz=det =4-9—-6-7=36—-42=-06
7 9
Bu —6 minérdur; Ci2=(—1)3(—6)=+6 olur. isaret degisimini acik tut.

4 5
Mis=det g =4:8-5-7=32—-35=-3

Birinci satirin guncu konumu artidir; Ci3=Mi13=-3. Kofaktorin kendisi negatif olabilir.
det(A)=2M11—1M12+3M13=2(-3)—1(—-6)+3(—-3)=—6+6—9=-9

Orta terimde eksi ile negatif minér carpimi +6 olur. Sonu¢ —9; kaynak sonucu dogru.
“Mutlak deger cubuklari var, sonuc pozitif olmalh” diye +9 yapmayiz.

2 3 2 3
M22=det =18-21=-3; Ms2=det =12-12=0
7 9 4 6

ikinci stitunu sectigimiz icin Mi2, M2z, Ms2 gerekir. SUtun asagi inerken kofaktor isaretleri
—,+,— olur.

det(A)=—a12M12+a22M22—a32M32 = —1(—6)+5(—3)—8(0)=6—-15—-0=-9

Notlardaki ikinci kontrol bu acilimdir. Kendi ayri hesaplarin ayni sonucu vermezse
oncelikle silinen satir/situnu ve kofaktor isaretlerini kontrol et.
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det(A)=—9=#0 = A is nonsingular; A~ exists; rows/columns are independent

Bu sayfada belirli d vektoru verilmedigi icin x’'in sayisal degerleri hesaplanamaz.
Kaynakta verilen sonuc tersin varligi ve bagimsizliktir. Uretim, fiyat veya kar hakkinda ek
yorum yapmak icin etiketli bir model gerekir.

Back to English
ME-06-W1 Worked example support

x ve y gercel ve ekonomik olarak sifirdan kucuk olmayan Uretim miktarlari olmali. “Tam
kullanma” kosulu kaynaklarin timunun esitlikle kullanilmasidir; en fazla kullanma (<)
kosulu degildir. iki senaryoda A degismez; yalniz d'nin ikinci girisi degisir. Dolayisiyla tek
¢6zUm kosulunun degisip degismeyecegini hesap yapmadan tahmin et.

100

2 1
2x+y=100; x+2y=80; A= , d=
1 2 80

Birinci satir kg: 2 kg/adetxx+1 kg/adetxy=100 kg. ikinci satir saat: 1 saat/adetxx+2
saat/adetxy=80 saat. Ayni satir icindeki terimler ayni birimde; satirlar farkl kaynaklari
anlatir.

det(A)=2-2—-1-1=4-1=3=0

iki Griinin girdi bilesimleri orantili degil; iki kaynak dengesi bagimsiz kisitlar verir. Bu
yalniz tek cebirsel ¢cozum garantisidir, pozitiflik kontroliunt hentz yapmadik.

2(x+2y)=2(80) = 2x+4y=160

Denklemin iki tarafini ayni 2 ile carptik. Yeni denklem 6ncekiyle esdegerdir. Amac x’i bir
sonraki ¢cikarma isleminde yok etmektir.

(2x+4y)—(2x+y)=160-100 = 3y=60 = y=20
Sol tarafta 2x—2x=0, 4y—y=3y. Sagda 60. 3=#0 oldugundan y=20.
Xx+2(20)=80 = x+40=80 = x=40

x'i bulmak icin artik tek denklem yeterli. Yine de son kontrolU her iki orijinal denklemde
yapacagiz.

2(40)+20=100 kg; 40+2(20)=80 hours; x,y=0

40 adet Grun 1 ve 20 adet urtin 2 hem kaynak esitliklerini hem Uretim miktarlarinin
negatif olmamasi kosulunu saglar. Bu planin kari veya talebi karsilayip karsilamadigi
verilmedi.
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100 .
New d= . ; det(A)=3 still

Teknoloji ayni; A'nin dort katsayisi degismedi. Dolayisiyla tek ¢c6zim 6zelligi devam eder.
Buradan yeni ¢c6zimUn pozitif oldugu cikarilamaz.

2(x+2y)—(2x+y)=40—-100 = 3y=—60 = y=-20

iki kat yeni ikinci denklemin sag tarafi 40; ilk denklemin 100’'Gnu c¢ikarinca —60 kalir. Yine
3’e boleriz.

x+2(—20)=20 = x—40=20 = x=60
Iki tarafa 40 ekledik. Cebirsel ¢c6ziim (60,—20).
2(60)—20=100; 60+2(—20)=20; y<O0

Kontrol sonucunun dogru olmasi ekonomik uygunlugu otomatik saglamaz. y=—20 bu
Uretim hikayesinde uygulanamaz. Dolayisiyla verilen tam-kullanim hedefleri icin negatif
olmayan uretim plani yoktur. Kapasite esitsizlikleriyle kurulmus baska bir modelin
sonucunu burada iddia etmiyoruz.

For x,y=0: 2x+y = 2x+4y = 2(x+2y). If labour use is 20, material use = 40, not
100.

Birinci urun saat basina 2 kg, ikinci urun saat basina 1/2 kg tuketir. Negatif olmayan bir
karisim bu oranlarin disina ¢ikamaz. Esitsizligi dogrudan da gdérebiliriz: y=0 ise y=4y,
dolayisiyla 2x+y=2(x+2y). 20 saat emekle bu teknolojide en fazla 40 kg malzeme
kullanilir. 100 kg’i da tam kullanma hedefinin neden imkansiz oldugunu bu oran acikhyor;
negatif y yalniz bu celiskinin cebirsel belirtisidir.

iki senaryoyu karsilastir: determinant degismedigi halde ekonomik uygunluk neden
deqisti? Cebirsel ¢c6zlUmin varhgini, negatif olmayan tam-kullanim planinin varligindan
ayir.

Return to the worked example

ME-06-S1 Question support

iki Griin sGtunu, iki kaynak satiri var. Uretim miktarlari ekonomik olarak x1,x2=0 olmali.
Once determinanti hesapla; sonra tek cdzimin bu isaret kosulunu karsilayip
karsilamadigini denetle.

Uretim planini birimleriyle yorumla; tek ¢c6zim ile kar maksimizasyonunu ayir.

Return to the problem
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ME-06-S2 Question support

Her iki satir saat/adet biriminde ama farkli makineleri anlatiyor. Birinci makinenin
kullanim katsayilar ikinci makinenin tam iki kati. Bu oran sag taraflarda da saglaniyor
mu? Urlinlerin bélinebilir oldugunu varsaydigimiz icin Gretim miktarlari gercel olabilir.

iki senaryoda degisen d ile degismeyen A’yi ayir. Birinde neden cok plan, digerinde neden
hicbir plan yok?

Return to the problem

ME-06-S3 Question support

Sifirl girisleri kullanmak isi azaltir. Once minér ve kofaktéri ayir; ikinci satirin dama
isaretlerini kendin yaz. Sonra U¢ degiskeni ¢c6z. Bu model statik kaynak esitlikleridir;
zaman icindeki ayarlama sureci verilmedi.

Determinantin sagladigi sonucla Uretim isaretlerinin kontrolinden ¢ikan sonucu ayri yaz;
modelin séylemedigi bir seyi belirt.

Return to the problem
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Hints Level 1 Choose the strategy

Use one hint, then go back and try. The second level gives a more specific intermediate move.
ME-06-S1

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlar ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-06-S2

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-06-S3

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2
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Hints Level 2 One useful next move
ME-06-S1
Multiply the second balance by 3 and subtract the first to eliminate xa.

Denklemler 3x1+x2=80 ve xa1+2x2=70. 3xikinci eksi birinci islemi x1’i yok eder.

Return and complete your attempt

ME-06-S2
Compare row 1 with twice row 2, then compare di with 2d-.

Katsay! bagimliligi ayni kalir. ilk durumda 12=2x6; ikinci durumda 12 ile 2x7'yi karsilastir.

Return and complete your attempt

ME-06-S3

For row 1, M11=6 and Mi2=-1. In row 2 the signs are —,+,—, not +,—,+.

Birinci denklem x2=40—-2x1; ikinci denklem x3=75—3x2 verir. Bunlari tUcinci denklemde kullan.

Return and complete your attempt
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Solutions and model interpretations
ME-06-W1 Model interpretation

With the original resource targets, the unique plan produces 40 units of product 1 and 20
of product 2 and exactly uses both resources. The revised targets still have a unique
algebraic solution because A and its nonzero determinant are unchanged, but the
solution requires —20 units of product 2. Hence no nonnegative production plan can meet
both revised exact-use equalities; this does not establish anything about a different
model that allows unused capacity or maximizes profit.

ilk senaryoda (40,20) Uretim plani uygulanabilir. ikincide (60,—20) tek cebirsel ¢cozimddr;
negatif Gretim kabul etmedigimiz icin ekonomik olarak uygulanabilir ¢6zim yoktur. Bir
sistemin “tek ¢c6zimuU var” demek, yalniz esitliklerin belirledigi sayi1 vektért hakkinda
konusur; x,y=0 kisitini ayrica eklemek gerekir.

Bu degisim teknolojiden degil, hedef kaynak oraninin degismesinden geldi. ikinci Grini
negatif Uretmek gercek bir c6zim degildir. Fakat “firma hicbir sey lUretemez” de
demiyoruz: tam kullanim yerine bazi kaynagin bos kalmasina izin veren baska bir model
farkli sonuc verebilir.

Check the explanation
[ ldentifies the first nonnegative production mix and verifies both resource totals.
[] States that the determinant stays nonzero because technology A is unchanged.

1 Explains the negative second-scenario output as a failure of the nonnegative exact-use model, not
failure of algebraic uniqueness.

0 Does not infer profit, optimality or dynamic stability.

ME-06-S1 Solution
det(A)=3:2—-1:1=6—-1=5=%0

The two columns and rows are independent; a unique real solution exists.

A kare ve determinant sifir degil; bu nedenle tekil olmayan matris. Cikti isaretlerini henliz kontrol etmedik.
3x1+x2=80; 3x1+6x2=210

Multiply the second original balance by 3.

ilk denklemi degistirmedik. ikinci denklemde bUtlin katsayilari ve sad tarafi 3 ile carptik.
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(3x14+6X2)—(3X1+Xx2)=210—80 = 5x2=130 = x2=26

Subtract and divide by nonzero 5.

6x2—X2=5x2; 210—-80=130; 130/5=26.
x1+2(26)=70 = xa=70-52=18

Substitute into the second original equation.

x1=18 elde edilir. Bu adimda hangi denklemi kullandigini acik yaz; kontrol icin ikisini de sakla.
3(18)+26=80; 18+2(26)=70; x1,x2=0

Verify exact material and labour use and feasibility.

54+26=80 kg; 18+52=70 saat. Her iki Gretim miktari da negatif degil.
Model English interpretation

The unique nonnegative plan produces 18 units of product 1 and 26 units of product 2,
using exactly 80 kg and 70 labour-hours. Uniqueness is conditional on the stated
technology and exact resource-use targets. It does not establish profit maximization
because no revenues, other costs or optimization objective are specified.

Turkce reasoning

Dogrusal bagimsizlik bu iki kaynak esitliginin ayni Gretim vektérind yalniz bir kez
belirlemesini saglar. Ancak kari en blylk yapan plani aramak ayri bir optimizasyon
sorusudur. Burada talep, urun fiyatlari ve amacg fonksiyonu verilmedi.

Check your explanation

1 Reports the two quantities and correct resource totals.

I Conditions uniqueness on this technology and exact-use equalities.
[] States that prices, demand and objective function are not supplied.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
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ME-06-S2 Solution
det(A)=2:2—4:-1=0; n—2r2=[2-2,4—4]=[0,0]

The coefficient pair (1,—2) is nontrivial, so rows are dependent.

Birinci satir ikinci satirin iki kati; bu bagimhlik iki senaryoda da ayni. Determinant sifir oldugundan A
tekildir.

Case 1: 2x1+4x2=12 is twice x1+2x2=6

Both equations describe the same restriction.

Sag taraf da iki kat oldugundan iki satir celismez; fakat ikinci bagimsiz bilgi saglamaz.
x2=t; x1=6—-2t, teER

Every real t gives an algebraic solution; there are infinitely many.

ikinci denklemde x2=t secip iki taraftan 2t cikaririz. Tek serbest parametre kalir. Ornegin t=0 icin (6,0),
t=1icin (4,1) her iki denklemi saglar.

x2=0 = t=0; x1=0 = 6—-2t=0 = t<3; hence 0<t<3

Impose nonnegative production after solving the equalities.

6—2t=0 esitsizligine 2t ekleyince 6=2t; pozitif 2'ye bolince 3=t. Bu kapali aralikta sonsuz béltnebilir
Uretim plani var. Tamsay! Uretim kosulu verilseydi uygulanabilir kime sonlu olabilirdi.

Case 2: 2(xa+2x2)=14, but equation 1 requires 2x1+4x2=12

The same left-hand side cannot equal both 12 and 14.

Denklemleri ¢ikarinca 0=-2 celiskisi ¢ikar. Bu durumda hi¢ gercel ¢c6zim yok; dolayisiyla negatif olmayan
¢6zum de yok.

Model English interpretation

The technology forces machine 1 usage to be twice machine 2 usage for every
production mix. Targets of 12 and 6 hours respect this ratio and leave a range of
nonnegative mixes, whereas targets of 12 and 7 hours violate it and are inconsistent. The
change is in the required resource totals, not in the singular coefficient matrix.

Turkce reasoning

Tekillik iki durumda da var; buna ragmen sonuclar ayni degil. ilkinde ayni bilgi iki kez
veriliyor: kullanim orani tutarli ama Urln bilesimini tek basina belirlemiyor. ikincide hedef
kullanim orani teknolojinin zorunlu oraniyla uyusmuyor. Bu nedenle “det=0 = mutlaka
sonsuz ¢cozum” ve “det=0 = mutlaka cozumsuz” genellemelerinin ikisi de yanlis.
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Check your explanation
[ Technology/row dependence is unchanged.
[0 Case 1 exact targets obey the fixed 2:1 machine-use ratio, so many mixes remain.

] Case 2 violates that ratio and cannot be met by any mix.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole

solution.

Retry from the blank problem

ME-06-S3 Solution
Row 1: det(A)=2(3-2—-1:0)—1(0-:2—-1-1)+0=2(6)—-1(-1)=13

Compute minors and apply +,—,+.

Mi2=—1 oldugu icin orta katki —1x(—1)=+1. Son terim sifir katsayili oldugundan katkisi sifir.
1 O 2 0 2 1

M21=det =2; Ma22=det =4; Mas=det =-—1
0o 2 1 2 1 O

Delete row 2 and each selected column.

Minorler sirasiyla 2,4,—1. Bu sayllara ayrica ikinci satirin —,+,— kofaktor isaretlerini uygulayacagiz.
Row 2: det(A)=—0(2)+3(4)—1(—-1)=0+12+1=13

The student’s +,—,+ pattern would incorrectly negate this row expansion.

Dogru ikinci satir isaretleri —,+,—. Yanlis desen burada —13 Uretirdi; iki acilimin uyusmamasi isaret
hatasini yakalar.

2X1+Xx2=40 = x2=40—-2x1

Use the first resource equation.

Her iki taraftan 2x: ¢cikararak x2'yi yalniz biraktik.
3X2+Xx3=75 = x3=75-3(40—-2x1)=75-120+6X1=6X1—45

Substitute xz2 into the second balance and distribute —3.

—3 parantezin her terimini carpar: —120+6x1. ikinci eksi isaretini kacirmak x1 katsayisini yanhs yapar.
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X1+2x3=40 = x1+2(6x1—45)=40 = 13x1—90=40 = x1=10

Substitute into the energy balance, add 90, divide by 13.

13x1=130; 13 sifirdan farkli oldugundan x1=10. Buldugumuz 13 katsayisi determinantla tutarlidir.
x2=40-2(10)=20; x3=6(10)—45=15

Recover the other quantities.

Her degiskeni kendi tlrettigimiz ifadede yerine koyduk. Artik orijinal ¢ denklemi de kontrol et.
2(10)+20=40 kg; 3(20)+15=75 hours; 10+2(15)=40 kWh

All three balances hold, and all quantities are nonnegative.

Kaynak birimlerini ayri tuttuk. det>0 tek basina pozitif miktar ispati degildir; bu érnekte pozitifligi cozime
bakarak dogruladik. Statik esitliklerden dinamik yakinsama sonucu ¢ikmaz.

Model English interpretation

The unique plan produces 10, 20 and 15 units and exactly uses 40 kg, 75 labour-hours
and 40 kWh. The nonzero determinant establishes algebraic uniqueness; checking the
resulting nonnegative quantities establishes feasibility for these exact-use targets. The
model does not show that this plan maximizes profit or that an adjustment process
converges to it.

Turkce reasoning

“Tek” ve “uygun” iki ayri denetimin sonucudur: determinant 130 tekligi;
x=(10,20,15)=0 ve kaynak esitlikleri uygunlugu goésterir. Determinantin arti olmasi
Uretimlerin arti olmasinin gerekcesi degildir. Kar veya istikrar yorumu icin bu modelde
olmayan fiyat/amac ya da zaman dinamigi bilgisi gerekir.

Check your explanation
[ Reports three output quantities with their verified resources.

[0 Nonzero determinant establishes uniqueness; observed nonnegative quantities establish this solution’s
feasibility.

[ Does not infer profit maximization or dynamic stability.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
Concept check answers

ME-06-C1 Answer B
The coefficient vector (—2,0,1) is nonzero, so it is a nontrivial relation.
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En az bir katsayi sifirdan farkli olmasi yeterli; burada ikisi farkli. Bu iliski vs=2vi1 oldugunu gdsterir. v2'nin
iliskiye katilmamasi kiimeyi bagimsiz yapmaz.

If you chose differently: “Not all zero” is different from “all nonzero.” Test the whole coefficient vector.
(=2,0,1) vektora sifir vektora degildir. Bagimhhigr géstermek icin butln katsayilari sifirdan farkli segme
zorunlulugu yok.

ME-06-C2 Answer C

Singularity rules out a unique real solution; compatible d gives infinitely many,

incompatible d gives none.

A tekildir. Gergel degiskenli kare sistemde det=0 iken tek ¢c6ziim olamaz; ancak hic mi sonsuz mu
oldugunu d belirler. Ornegin x+y=2 ile 2x+2y=4 tutarli; ikinci sa§ taraf 5 olursa celiskilidir.

If you chose differently: Compare x+y=2 with either 2x+2y=4 or 2x+2y=5.

Katsayilar iki durumda da ayni ve bagimli. Sag taraf 4 olursa ayni dogru, 5 olursa paralel ayri dogru elde
edilir. Bu iki olasihgi ayir.

ME-06-C3 Answer B

The row-2 signs are —, +, — because i+j is odd, even, odd.

2+1=3 tek = eksi; 2+2=4 cift = arti; 2+3=5 tek = eksi. Cz kofaktdrlerini zaten hesapladiysan
det=a21C21+a22C22+a23C23 yazarsin.

If you chose differently: Start at + in position (1,1) and alternate across rows and columns.
Dama deseninde bir alt satira inince baslangic isareti degisir. Her acilimi +—+ ile baslatmak dogru
degildir.

ME-06-C4 Answer B

Uniqueness does not enforce sign restrictions, and the static model supplies no dynamic

stability test.

Negatif miktar determinantin sifir olmasi gerektigi anlamina gelmez. Matematiksel olarak tek ¢6zim
olabilir ama x=0 Uretim kisiti bozulur. Dinamik bir ayarlama denklemi verilmedigi icin istikrar hakkinda
hikdm cikaramayiz.

If you chose differently: Ask two separate questions: Is the algebraic solution unique? Is it admissible in
this economic story?

Tek ¢6zUm “yalniz bir sayi vektért denklemleri saglar” demek; uygulanabilirlik “bu vektér modelin
ekonomik kisitlarina da uyar” demek. Bunlar farkh kontroller.
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Reflection and a second attempt

For each skill, mark: not yet / with help / alone. “Alone” means you can demonstrate it with the
explanation closed.

1 Not yet [0 With help [J Alone
| distinguish the always-available trivial solution from nontrivial dependence.

1 Not yet [0 With help [J Alone
| compute 2x2 determinants and 3x3 cofactors with the correct row/column signs.

1 Not yet [0 With help [J Alone

| distinguish singularity from inconsistency and uniqueness from economic feasibility.

1 Not yet [0 With help [J Alone
| interpret resource equations without claiming profit, causality or dynamic stability.

Co6zum kapaliyken bagimhlik icin bir katsayi 6rnegi Gretebiliyor musun? Bagimsizlik icin yalniz sifir
katsayilar kaldigini gésterebiliyor musun? Minér ile kofaktori ayirip farkh satir/stGtun acihmlarini ayni
sonuca getirebiliyor musun? Son olarak cebirsel tek ¢c6zimu ekonomik kisitlarla ayrica kontrol et.

The first step | could not explain, and the check | will use next time

Next attempt: problem ID and date

Progress is manual. Keep the first attempt visible; use a new page or a different pen colour for the retry.

Source scope

Visually verified pp. 29-35 and independence subsection of p. 28, including a high-resolution reading of p.

32 and photographic p. 35. All exact source examples are separately completed; original economic
W1/S1-S3 are clearly distinct. Two source slips are explicitly corrected: p31 independence/nontrivial

summary and p32 isolated plus sign in the coefficient equation. General square-matrix equivalences and
Laplace expansion are identified as standard results, not falsely proved by a numerical example. Every

numerical solution and determinant is independently checked.
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ME-07 Inverse Matrix & Economic
Applications

Source PDF pages 28 (inverse overview), 36-42

Construct and verify an inverse, solve Ax=d in the correct order, and explain the
two-country multiplier without confusing structural slopes with exogenous shocks.

Foundations | Derivations | Source examples | Worked example | Independent practice | TUrk¢e support |
Hint levels 1 and 2 | Solutions and English interpretations | Reflection and retry

Before you start

What do | already understand, and which step do | need to explain?

Do not mark a skill “alone” just because a solution looks familiar. A useful attempt includes the model, the
operations, the check and the interpretation.

Foundations
What does an inverse undo?

A matrix transforms a column vector. An inverse reverses that transformation. It is not
the matrix of element-by-element reciprocals.

AA-1=A-1A=|
Symbol English meaning Turkge karsiligi
A Square coefficient matrix Kare katsayi matrisi
At Inverse of A A matrisinin tersi
I Identity matrix Birim matris
X Column vector of unknowns Bilinmeyenler sutun vektoru
d Column vector of constants Sabitler sGtun vektoru

Tlrkce explanation
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Square is necessary, not sufficient

For an ordinary two-sided inverse, A must be square and det(A) must be nonzero. Such a

matrix is nonsingular. A square matrix with zero determinant is singular.
Ais nxn and det(A)=0 & A-! exists

Turkce explanation

A unique inverse, with the same dimensions

If A'is nxn, its inverse is nxn, is unique, and has A as its own inverse. The inverse of a
product reverses the order.

(A-1)-1=A; (AB)"1=B-tA-!

Tarkce explanation

From a minor to an adjugate

Delete row i and column j to obtain the minor determinant M. Apply the checkerboard
sign to form the cofactor Ci. Transpose the complete cofactor matrix to obtain adj(A).

Ci=(—1)"+Mjy; adj(A)=CT; A-1=adj(A)/det(A)
Tlrkce explanation

The two-country economy

Two nations trade only with each other. Each nation’s imports are the other nation’s

exports. Income determines consumption and imports; autonomous expenditure is taken

as given. The source lists autonomous consumption Co, investment lo and government

expenditure Go as components/examples of Ai; their exact country-specific decomposition

is not separately specified.

Yi=Ci+Ai+ Xi—Mi; Ci=ciYi; Mi=miYi

Symbol English meaning Tlrkce karsiligi

Yi National income of country i i Ulkesinin milli geliri
Ci Consumption expenditure Tudketim harcamasi
Ai Autonomous expenditure Otonom harcama

Xi Exports ihracat

Mi Imports ithalat
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Symbol English meaning Turkge karsiligi
Ci Marginal propensity to consume Marjinal tiketim egilimi
mi Marginal propensity to import Marjinal ithalat egilimi

Tlrkce explanation

Assumptions, units, and what is endogenous

Assume 0<c1,c2<1 and 0<mi,mz2<1, as in the notes. Income, expenditure, exports and
imports must use a common currency/value unit and time period. Y1 and Yz are jointly
determined.

0<ci,c2<1; O0<mi,mz<l

Turkce explanation

Why multiply on the left?

In Ax=d, premultiplication gives A-*Ax=A-d. Associativity makes A-'A adjacent.
Postmultiplication is not a substitute.

A-1(AXx)=(A"1A)x=Ix=Xx

Turkce explanation

Trade is leakage locally and demand abroad

An extra unit of country 1 income raises its imports by mi. Those imports are country 2
exports. Country 2 income and imports may then feed demand back to country 1.

AL T->Y1T->Mi=X2T->Y2T > M=X1 T
Tlrkce explanation

A positive determinant is economically useful

The determinant expands into three positive terms. This proves a unique algebraic
equilibrium under the stated propensity restrictions, rather than merely assuming one.

D=(1-ci1)(1—c2)+(1—ci)mz2+ma(l—c2)>0

Tlrkce explanation
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Structural slope versus a policy effect

The slope of a structural relation is not automatically the total response to an unspecified
change in an endogenous variable. Name the exogenous shock and hold the remaining
primitives fixed.

Structural slope: mz2/(1—ci+ma); equilibrium response to Az: m2/D

TUurkce explanation

Pause and test your understanding

ME-07-C1

A square matrix has determinant zero. What follows?

A. Every system Ax=d has no solution.

B. The ordinary inverse does not exist; Ax=d may have no solution or infinitely many.

C. Take the reciprocal of every nonzero entry.

My choice and the reason, before checking

Turkcge question support | Check later
ME-07-C2

For Ax=d with A 3x3 and d 3x1, which expression solves the system when A is
invertible?

A. x=dA-!

B. x=A"1d

C. x=Ad

My choice and the reason, before checking

Turkge question support | Check later
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ME-07-C3

Why does an increase in country 2 autonomous expenditure raise country 1 income?
A. Country 2 imports become country 1 exports.

B. The two countries necessarily have equal incomes.

C. All imports disappear from national-income accounting.

My choice and the reason, before checking

Turkge question support | Check later

Derivations with reasons
Inverse properties and the solution formula - source p28

Prove the rules rather than treating them as a list.

Source PDF pages 28
Ax=d - A"'Ax=A"1d - Ix=A"1d -» x=A"1d

Premultiply both sides, reassociate, then use the identity matrix.
If AB=BA=I and AC=CA=l, then B=BI=B(AC)=(BA)C=IC=C.
Any two proposed inverses B and C must be equal.

A IA=AA"1=] - (A71)"1=A

The original matrix reverses its inverse.
(AB)(B-*A-1)=A(BB-1)A-1=AA-1=|; (B-*A"1)(AB)=I

Check both multiplication orders to justify reversing factor order.
Detailed Turkish reasoning
The complete 3x3 cofactor procedure - pp36-38

Construct all nine cofactors, then transpose once.

Source PDF pages 36-38
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Start with a general square matrix and first check det(A)=0.
Ci1=az22a33—az3a32; Ci2=—(a21a33—a23a31); Ciz=az1a32—azz2as:
Compute the first cofactor row with signs +, —, +.
C2i=—(a12a33—a13a32); Cz2=a11aszz—aizasi, Cz=—(a11a32—a12as1)
Compute the second cofactor row with signs —, +, —.
Csi=a12a23—a13a22; C32=—(a11a23—a13a21); C3z=aii1az2—aiza2:

Compute the last cofactor row with signs +, —, +.

Cin Ci2 Cis Cii Cax Ca
C= Cai Caz Cas ; adj(A)=CT= Ciz Caz (a2
Ca1 C32 GCss Ciz Ca3 GCss

Turn rows of C into columns of adj(A).

A-1=CT/det(A); verify AA-1=|

Divide every adjugate entry by the same nonzero scalar determinant.

Detailed Turkish reasoning

Build and invert the two-country model - pp41-42

Convert the economic structure into a simultaneous linear system.

Source PDF pages 41-42

Yi=ciYi+Ai+mz2Y2a—miY:; Y2=cC2Y2+Az+miYi—mzY2

Substitute consumption and bilateral trade into each income identity.

Yi—cCiYi+miYi—m2Y2=A1; Y2—cC2Y24+m2Yz—miYi=A:2

Move every endogenous-income term to the left.
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(1—ci+mi)Yi—m2Y2=A1, —miYi+(1—Ccz2+m2)Y2=Az

Collect the coefficients of each income.

1-ci+ma —mz Y1 A1

—Mmz 1-c2+m: Y2 Az
Call the coefficient matrix K to distinguish it from autonomous expenditures Ai,Aa.
D=det(K)=(1—ci+m1)(1—c2+mz2)—(—m2)(—ma)
Use ad—bc and keep both off-diagonal negatives.
D=(1-ci)(1—-cz2)+(1—=c1)mz+mi(l—Cz)+mimz—mim:

Expand the product before cancelling.

1-c2+m2 mg2
D=(1-ci1)(1—c2)+(1—ci)mz2+mi(l—c2)>0; K-1=(1/D)
mi 1-ci+ma

Invert K by exchanging diagonal entries and negating the off-diagonal entries.
Yi*=[(1—cz2+mz2)A1+m2A2]/D; Y2*=[mi1A1+(1—c1+m1)A2]/D

Multiply the inverse by the autonomous-expenditure vector to obtain reduced form.

Detailed Turkish reasoning
Comparative effects and the structural-slope question - p42

Differentiate the reduced form with respect to a named exogenous variable.

Source PDF pages 42
dY1*/dA1=(1—cC2+m2)/D>0; 3Y2*/dA1=m1/D>0

A1 is absent from D, so differentiate only the numerators.
0Y1*/0A2=m2/D>0; 3Y2*/0A2=(1—C1+m1)/D>0

A: raises both incomes through domestic demand and trade.
(1—ci+mi)Yi=A1+mz2Y2 = Yi=(A1+mz2Y2)/(1—Ci+ma1)

Rearrange the first structural relation without solving the second one.
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Holding A1 fixed: slope dYi1/dY2=mz2/(1—ci+ma1). Under an Az shock:
(dY1*/dA2)/(dY2*/dAz2)=m2/(1—C1+m1).

A specified experiment explains when the structural slope equals a ratio of equilibrium

movements.

Detailed Turkish reasoning

Source examples and checked readings

These examples retain the source numbers and mathematical content. The explanations are newly

written. Any checked correction is placed next to the affected calculation.
A singular source matrix - p36

Before constructing cofactors, ask whether inversion is possible.

Source PDF pages 36

0O -1 O
A= 1 3 2
2 1 4

Read the three columns as vi=(0,1,2)T, v2=(-1,3,1)T, v3=(0,2,4)".

vi=2Vvi1i = —2Vi1+0v2+v3=0

The coefficients (—2,0,1) are not all zero, so the columns are linearly dependent.

det(A)=0-(12-2)—(-1)-(4-4)+0-(1-6)=0

A direct first-row expansion confirms singularity.

Source reading note - PDF 36

In the notes: vs=2v1 is followed by inconsistent handwritten sample coefficients.
Checked form: —2v1+0v2+v3=0; scalar multiples are also valid.

The displayed column relation fixes the coefficient order; use (-2,0,1).

TUrkce source-example reasoning
Two source inverses - pp38-39

The familiar 2x2 shortcut is a condensed cofactor calculation.

Source PDF pages 38-39
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4 3
A= ; det(A)=4-5-3-2=20-6=14

The determinant is nonzero, so inversion is allowed.

5 -2 5 -3
C= ;. CT=
-3 4 -2 4

The off-diagonal cofactors exchange positions under transpose.

5 14 0
A-1=(1/14) : AA-1=(1/14) =|
-2 4 0 14

Check all four entries of the product.
3
B= , ; det(B)=(-1)-2—3-2=-8

A negative determinant is not a problem; only zero is forbidden.

. 2 -3 -1/4 3/8
adj(B)= ; Bl=
-2 -1 1/4 1/8

Divide by —8; the source labels the result A-%, but it is the inverse of B.
Source reading note - PDF 39

In the notes: The inverse calculated from B is labelled A-2.

Checked form: It is B-'=[[-1/4,3/8]1,[1/4,1/8]]1.

Only the letter label is corrected; the source calculation is retained.

TUrkce source-example reasoning

Solve the exact source system - pp40-41

Source prompt: “Solve the system Ax=d by matrix inversion.” The system is 4x+3y=28,
2X+5y=42.

Source PDF pages 40-41

4 3
4Ax+3y=28; 2x+5y=42 - , =
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Keep the variable order x,y fixed in every row.

X -3 28
det(A)=14=0; =(1/14)
y -2 4 42

Premultiply the constants vector by the inverse already derived.
x=(5-28—3:42)/14=(140—-126)/14=1; y=(—2-28+4-42)/14=(—56+168)/14=8
Calculate each row-column dot product, then divide by 14.

4-1+3-8=28; 2:1+5-8=42

Both original equations hold.

Source reading note - PDF 41

In the notes: An intermediate matrix line shows +3 instead of —3.

Checked form: The adjugate entry is —3 and the verified result is (x,y)=(1,8).
Retain the negative sign from the inverse; substitution confirms the solution.

Turkce source-example reasoning

Worked example
ME-07-W1 A new two-country economy

Two nations trade only with each other. Let c1=0.6, c2=0.5, m1=0.2, m2=0.1, A1=80 and
A>=40. Find Y1*, Y2*, consumption, imports and exports in each nation. Then find the
exact changes in both incomes when A: rises by 10, holding all other primitives fixed.

Turkce question | Interpretation answer after trying

Before reading the steps: choose a method and say why it applies

0.6Y1—0.1Y2=80; —0.2Y1+0.6Y2=40
Calculate 1—c1+m1=0.6 and 1—c2+m2=0.6.
D=0.6:0.6—(—0.1)(—-0.2)=0.36—0.02=0.34

The positive determinant ensures a unique equilibrium.

Pause. Predict the next operation and justify it before reading on.
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Y1*=(0.6-80+0.1-40)/0.34=52/0.34=2600/17;
Y2*=(0.2-80+0.6-40)/0.34=40/0.34=2000/17

Use the reduced-form numerators without rounding.

C1=1560/17; C2=1000/17; M1=X2=520/17; M2=X1=200/17

Multiply each income by its own consumption and import propensities.
Y1=(1560+1360+200-520)/17=2600/17; Y2=(1000+680+520-200)/17=2000/17
Check both original income identities.

AY1=(0.1/0.34)-10=50/17; AY2=(0.6/0.34)-10=300/17

Use the Az column of the inverse for the expenditure shock.

Interpret before reading the model answer

Explain how a rise in country 2 autonomous expenditure affects country 1, and state
what the static result does not tell us.

Say your interpretation aloud; note the main result and one reason
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Independent practice

Attempt each problem before the hints. The next page of each problem is for
interpretation and checking. Do not use the solution as a copying exercise.

ME-07-S1 Rebuild an inverse solution

Solve 3x+y=11 and 2x+4y=14 by matrix inversion. Show the determinant, inverse and a
substitution check.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-07-S1 Interpretation and verification

Why does a nonzero determinant make this algebraic solution unique, and what should
be checked before giving it an economic interpretation?

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-07-S2 Diagnose a false inverse

A student claims that H=[[2,4],[1,2]] has an inverse because it is square. Test the claim.
Compare Hx=[6,3]" with Hx=[6,4]" and describe each solution set.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-07-S2 Interpretation and verification

Explain why singularity does not mean that every right-hand side produces no solution.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-07-S3 Interpret a cross-country shock

Let ca=c2=0.5, mi=m2=0.25, A1=60 and A2=40. Find both equilibrium incomes. Then
increase Ai by 10. Find AY1 and AY2, and explain why dY2*/0A1 is not the same object as

the conditional slope dY2/dYa.
Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-07-S3 Interpretation and verification

Explain the positive spillover from an A: increase and distinguish aY2*/dA1 from the
structural slope dY2/dY.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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Turkce support

Bu bolum dili ve gerekceyi anlamak icindir. Aciklamayi! aynen kopyalama; okuduktan
sonra kendi ¢é6ziimiine don. ingilizce soru sayfalarinda yanitlari gérmeden deneme
yapabilirsin.

What does an inverse undo?

Bir katsay! matrisi, bilinmeyenleri farkli agirliklarla birlestirerek denklemlerin sol tarafini
olusturur. Ters matris bu ortak déniisimu geri alir. Ornegin A-! yazarken her aj elemanini
1/ai yapmayiz; tim satir ve sutun iliskilerini dikkate aliriz. Birim matris |, carptigi vektoru
degistirmez; bu ylzden tersin kontrolG carpimin | olmasidir.

AA-1=A"TA=]
Back to English
Square is necessary, not sufficient

Kare olmak, satir ve sttun sayilarinin ayni olmasidir; tek basina tersin varligini garanti
etmez. Satirlar veya sutunlar arasinda dogrusal bagimlilik varsa bilgi tekrari vardir ve
donusum bazi farkl vektorleri ayirt edemez. det(A)=0 iken A= yontemi kullanilamaz.
Ancak bundan Ax=d icin kesinlikle hic ¢c6zim yok sonucu ¢cikmaz: sag tarafa bagh olarak
hic ¢6zim veya sonsuz ¢6zUm olabilir.

A is nxn and det(A)#0 & A1 exists
Back to English
A unique inverse, with the same dimensions

Bu Ozellikler p28 Uzerindeki ters matris 0zetinin tamamlayici parcalardir. (A=1)~1=A ¢unkU
geri alma islemini geri alirsak ilk donusime doéneriz. (AB)~*=B-*A-! kosulu A ve B ayni
boyutta ve terslenebilirken gecerlidir. Sira rastgele degildir: ABx icinde 6énce B uygulanir,
sonra A; geri donerken once A, sonra B geri alinir.

(A-1)-1=A; (AB)"1=B-A-!
Back to English
From a minor to an adjugate

Minor bir matrisin tamami degil, ilgili satir ve sttun cikarilinca kalan matrisin
determinantidir. Kofaktorde ek isaret (—1)* kullanilir; 3x3 isaret dUzeni +—+ / —+—/
+—+ seklindedir. Kofaktor matrisi C ile adj(A) ayni sey degildir: adj(A)=C". Notlarda
kullanilan “adjoint” s6zcligUu burada klasik adjugate anlamindadir; eslenik transpoz ile
karistirmayin.
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Ci=(—1)"*M;; adj(A)=CT; A-*=adj(A)/det(A)
Back to English
The two-country economy

Yalnizca iki ulke vardir; G¢clincu Ulke yoktur. Bu nedenle Ulke 1'in ithalati, Glke 2'nin
ihracatidir: M1=Xz. Benzer bicimde M2=Xi1. Ci=ciYi tuketim iliskisini, Mi=miYi ithalat
iliskisini verir. Ai, 6rnegin otonom tlketim, yatirnnm ve kamu harcamasi gibi gelire bagl
olmayan harcamalari bir araya getirir. A burada katsay! matrisi icin de kullanilir; alt indisli
A1,Az> harcamalardir ve farkl nesnelerdir. Not p41, Aiicin Co,lo,Go bilesenlerini/orneklerini
listeler; her Ulke icin bunlarin ayri sayisal dagilimi verilmez.

Yi=Ci+Ai+Xi—M;; Ci=ciYi; Mi=miYi
Back to English
Assumptions, units, and what is endogenous

c ve m oranlari boyutsuzdur; gelir bir parasal akim olctustdudr. Harcama buyukluklerini
ortak deger birimi ve ayni donemle yazmadan denklemler ekonomik olarak
karsilastirlamaz. A1,A2 model disindan verilen degiskenler; ci1,c2,m1,mz verilen
parametreler; Y1,Y2 birlikte ¢ézllen i¢sel degiskenlerdir. Pozitif gelir yorumu icin ayrica
otonom harcamalarin uygun, érnegin pozitif, degerlerde olmasi gerekir. Bu statik sistem
tek basina zaman icindeki yakinsamayi ispatlamaz.

0<ci,c2<]; O<mi,ma<l
Back to English
Why multiply on the left?

Once boyutlari gériin: A nxn, x ve d nx1 boyutundadir. A-*d tanimhdir ve nx1 sonug
verir. Buna karsilik dA-%, n>1 iken (nx1)(nxn) oldugundan i¢ boyutlar 1 ve n uyusmaz.
p28’deki sagdan carpma denemesi gecerli bir yontem degil, dlzeltilmesi gereken bir
yanlis baslangictir. Ayrica matris carpimi genel olarak degismeli olmadigindan ters matrisi
gelisiglzel tasiyamayiz.

A-1(Ax)=(A"tA)x=Ix=Xx

Back to English
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Trade is leakage locally and demand abroad

Bir Glkenin ithalati kendi ic talebi acisindan sizintidir; fakat ticaret ortagi acisindan ihracat
talebidir. A1 artarsa Y1 yukselir; Mi=maY1 artisi X2'yi artirir; boylece Y2 yukselir. Y2 artinca
M2=X1 de artar ve ulke 1’e geri donUs olur. Cozdugimuz denge formull bu karsilikli
etkileri birlikte icerir. Bu anlatim, bagimsiz bir zaman uyarlama kural verilmedigi icin
dinamik istikrar kaniti degildir.

AL T->Y1T->Mi=X2T->Y2T > M=X1 T
Back to English
A positive determinant is economically useful

D=(1—c1)(1—c2)+(1—ci)mz2+ma(1l—cz) ifadesindeki her carpan pozitiftir. Boylece D>0
oldugunu goérdigumuz icin hem ters matris vardir hem de sok carpanlarinin isaretini
guvenle okuyabiliriz. Pozitif katsayilarla pozitif A1,A2 verilirse gelirlerin paylari da pozitiftir.
Fakat “tek denge var” ile “ekonomi zamanla mutlaka o dengeye gider” farkli iddialardir.

D=(1-ci1)(1—c2)+(1—ci)mz2+ma(l—c2)>0
Back to English
Structural slope versus a policy effect

p42'de “aY1/dY2 teknik olarak dogru mu, icsellik sorunu var mi?” sorusu acik birakilmistir.
ilk yapisal denklemi A: sabitken ¢ozersek Yi=(A1+mzY2)/(1—ci+ma); bu iliskinin egimi
m2/(1—ci+m1) olur. Ancak Y2 modelin disindan serbestce secilen bir digme degildir.
Ornegin Az sokunun Y1 Uzerindeki toplam denge etkisi mz/D’dir. Belirli bir A2 sokunda
dY1/dYz orani yapisal egime esit olabilir; bu, aY1/0Az ile ayni tirev oldugu anlamina
gelmez. Notlarda hata terimi veya tahmin yontemi verilmediginden buradan tek basina
istatistiksel i¢csellik yanhhgi sonucu da ¢ikaramayiz.

Structural slope: mz2/(1—ci+ma); equilibrium response to Az: m2/D
Back to English
ME-07-C1 Question support

Kare bir matrisin determinanti sifirsa hangi sonucg kesindir?

Return to foundations
ME-07-C2 Question support

Carpimin tanimli olmasi ve ¢arpan sirasi birlikte dnemlidir.

Return to foundations
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ME-07-C3 Question support

Az artisinin Y1 Uzerindeki etkisinin ekonomik zincirini secin.

Return to foundations

Inverse properties and the solution formula - source p28

p28’deki butln ters matris 6zelliklerini carpimin tanimindan kontrol ediyoruz.

Source PDF pages 28
Ax=d -» A-'Ax=A"1d - Ix=A"1d -» x=A"d

Her iki tarafa ayni soldan carpma uygulanir. Birlesme 6zelligi (A-*A)x yazmaya izin verir;
A-A=]| ve Ix=x oldugundan bilinmeyen vektér yalniz kalir.

If AB=BA=I and AC=CA=l, then B=BI=B(AC)=(BA)C=IC=C.

ik esitlikte | etkisizdir; | yerine AC koyariz. Birlesmeyle BA yan yana gelir ve | olur. Sonuc
B=C oldugundan ters matris tektir.

A A=AA"1=] - (A71)"1=A

A, A-lile her iki sirada carpilinca | verdiginden A-*'in tersinin tanimini saglar. Bu karsilikh
ters olma o6zelligidir.

(AB)(B-*A-1)=A(BB1)A-1=AA-1=l; (B-*A-1)(AB)=lI

A ve B ayni nxn boyutta ve terslenebilir olmahdir. Sirayi tersine cevirmezsek BB~ ve
AA- ciftlerini yan yana getiremeyiz; genel olarak AB=BA oldugu icin keyfi yer
degistiremeyiz.

Back to English
The complete 3x3 cofactor procedure - pp36-38

isaret dUzeni, silinen satir-situn ve son transpoz birlikte uygulanir; yalnizca birkac
kofaktor hesaplamak yeterli degildir.

Source PDF pages 36-38

indislerde ilk sayi satir, ikinci sayi situndur. Kofaktér Cij hesaplanirken ai’nin bulundugu
satir ve sutun silinir.
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Ci1=a22a33—a23asz; C12=—(a21a33—a23a31); Ciz=az1a32—az2a31

Ornegin Ciz icin 1. satir ve 2. stitunu silince kalan 2x2 determinant az1ass—azzas1 olur.
Konum isareti negatif oldugu icin parantezin tamamini eksiyle carpariz.

C2i=—(a12a33—a13a32); Cz2=a11assz—aizasi, Cz=—(a11a32—a12as1)

Mindrin kendi determinant isaretiyle kofaktérin ek isareti farkli islemlerdir. ikisini birden
dogru uygulamak gerekir; negatif bir min6r negatif kofaktér konumunda pozitif sonucg
verebilir.

Csi1=a12a23—a1zazz; C32=—(a11a23—a13a21); Csz=a11a22—a1z2a=1

Uclincl satir silindiginde sadece ilk iki satirin elemanlari kalir. Tim dokuz kofaktérii kendi
i,j konumuna yerlestiririz.

Cin Ci2 Cis Cii Cax Ca
C= Cai Caz Cas3 ; adj(A)=CT= Ciz Caz (a2
Ca1 C32 GCss Ciz Caz3 GCss

Transpozda satir ve sutun indisleri yer degistirir. Bu adimi atlamak genellikle yanhs ters
matris Uretir; C simetrik degilse C ile CT farklidir.

A-1=CT/det(A); verify AA-1=|

Determinant bir sayi, adj(A) ise matristir. Bolme her elemana uygulanir. En son ¢carpimi
hesaplayarak | elde edildigini gérmek isaret ve transpoz hatalarini yakalar.

Back to English
Build and invert the two-country model - pp41-42

Gelirlerin her iki denklemde bulunmasi nedeniyle tek tek bagimsiz ¢c6zim yapamayiz;
ortak katsay! matrisini kurariz.

Source PDF pages 41-42

Yi=ciYi+Ar+mz2Y2a—miY:; Y2=cC2Y2+Az+miYi—mzY2

Y1 denkleminde ihracat Xi=Mz2=mzY2, ithalat Mi=maY1'dir. Y2 denkleminde yonler tersine
doner. ithalat eksi, ihracat arti isaretlidir.

Yi—ciYi+miYi—mz2Y2=A1; Y2—C2Y2+m2Y2a—miYi1i=Az

Sagdaki c1Y1 sola eksi, —ma1Y1 sola arti gecer. Her denklemde Ai tek basina sagda kalir;
boylece i¢csel ve dissal taraf ayrilir.
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(1—ci+mi)Yi—m2Y2=A1, —miYi+(1—Ccz2+m2)Y2=Az

Y1'in birinci denklemdeki katsayisi 1—ci+ma, ikinci denklemdeki katsayisi —ma1’dir. Satun
sirasini her iki satirda Y1,Y2 olarak koruruz.

1-ci+ma —Mmz2 Y1 A1

—ma 1-c2+m:2 Y2 Az

Kaynak katsayi matrisini A diye adlandirir. Burada yalnizca karismayi azaltmak icin K
diyoruz; matematik degismez. Kdésegen disi eksi isaretler ulkeler arasi olumlu talep bagini
denklemin soluna tasidigimiz icin olusur.

D=det(K)=(1—ci+m1)(1—Cc2+mz2)—(—m2)(—ma)

(—mz2)(—m1)=mim: oldudu icin determinantta bu carpim cikarilir. isaretlerin unutulmasi
tim carpanlarn degistirir.

D=(1-ci1)(1—c2)+(1—-ci)m2+mi(l—C2)+mimz2—mim:

iki parantezin dort carpimini yazdik. Son iki terim birbirini gotirir; kalan ¢ terim egilim
varsayimlari altinda pozitiftir.

1—c2+m: m2
D=(1-ci1)(1—c2)+(1—ci)mz2+mi(l—c2)>0; K-1=(1/D)
ma 1—-ci+m:

Pozitif determinant, tek ¢c6zUmuU garanti eder. Baslangictaki —m2 ve —ma ters alma
sirasinda +mz ve +ma olur.

Yi*=[(1—cz2+mz2)A1+m2A2]/D; Y2*=[mi1A1+(1—c1+m1)A2]/D

indirgenmis bicimde her icsel degisken yalnizca model disindan verilen blyuklikler ve
parametrelerle ifade edilir. A1,Az2 pozitifken hem pay hem payda pozitif oldugundan
gelirler de pozitiftir.

Back to English
Comparative effects and the structural-slope question - p42

Diger butln dissal buyuklukleri ve parametreleri sabit tutarak toplam denge etkisini
buluyoruz.

Source PDF pages 42
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dY1*/0A1=(1—c2+mz2)/D>0; aY2*/dA1=m1/D>0

Y1'in payinda A1'in katsayisi 1—c2+mz; Y2'nin payinda mi'dir. Payda Ai’e bagli olmadigi
icin bolum kurah burada sabit paydaya bdlmeye indirgenir.

dY1*/0A2=m2/D>0; aY2*/0A>=(1—ci1+m1)/D>0

A: kendi Ulkesinde dogrudan talep, Ulke 1'de ihracat kanaliyla talep yaratir. D>0 ve m2>0
isaret yorumunu destekler.

(1—ci+mi)Yi=A1+mz2Y2 » Yi=(Ai1+mz2Y2)/(1—Cci+maz)

mz2Y2 sol taraftan saga alinir; sonra pozitif 1—ci+ma katsayisina boltnur. Bu yalnizca tek
denklemin egri bicimidir, butlin modelin indirgenmis bicimi degildir.

Holding A: fixed: slope dYi1/dYz2=m2/(1—ci1+ma1). Under an Az shock:
(dY1*/dAz2)/(dY2*/dAz2)=mz2/(1—C1+mz).

Bu esitlik A1 ve parametreler sabitken Az degistirilen deney icin gecerlidir. Farkli bir dissal
degisiklik ayni gelir-gelir oranini vermek zorunda degildir; érnegin A1 degisimi ilk yapisal
egriyi kaydirir. icsel degiskeni bagimsiz bir politika araciymis gibi yorumlamayin.

Back to English
A singular source matrix - p36

Determinant kontroll bosuna islem yapmayi 6nler; kaynak sayfadaki bagimlilik érnegini
dogru katsayilarla yaziyoruz.

Source PDF pages 36

0O -1 O
A= 1 3 2
2 1 4

v3'Un her elemani vi'in iki katidir. Dolayisiyla G¢lncl sutun bagimsiz bilgi getirmez.
v3=2Vv1 = —2Vi1+0v2+v3=0

Dogrusal bagimlilik icin sifir vektériini veren en az bir sifir olmayan katsay! gerekir.
Kaynaktaki bazi k katsayisi karalamalari situn sirasiyla tutarh degildir; 6rnegin (-2,0,1)
ve bunun 4 kati (—8,0,4) dogru 6rneklerdir.
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det(A)=0-(12-2)—(-1)(4—4)+0-(1-6)=0

Orta terimin min6ri 1-4—2-2=0'dir. Diger iki terim ilk satirdaki sifirlar nedeniyle sifir olur.
det(A)=0 oldugundan bu A’'nin tersi yoktur; sifira bélme yapilamaz.

Kaynak okuma notu - PDF 36

Kaynak sGtunlari icin dogru sifir olmayan katsayilar (—2,0,1) ve bunun sifir olmayan katlaridir. El
yazisindaki tutarsiz 6rnek katsayilari dogru sonuc olarak kopyalamiyoruz.

Back to English
Two source inverses - pp38-39

Ana kosegendeki iki elemani degistir, diger iki elemanin isaretini degistir ve
determinantin tamamina bdl; nedenini asagidaki kofaktorler gosteriyor.

Source PDF pages 38-39
4 3
A= ; det(A)=4-5-3-2=20-6=14

Capraz carpimlari sirayla cikaririz. 14, butun ters matris elemanlarinin ortak paydasidir.

Ci12=-2 ve Ca1=-3"tur. Transpozda bunlar yer degistirir; dogrudan C/14 yazmak yanlis
olur.

5 14 0
A-1=(1/14) : AA-1=(1/14) =|
-2 4 0 14

Sol Ust 4-5+3:(—2)=14; sag Ust 4:(—3)+3:4=0; sol alt 2:5+5:(—2)=0; sag alt
2:(—3)+5-4=14. Sonra 14’e bolunce | olur.

3
B= ; det(B)=(-1)-2—-3-2=-8
2 2

Negatif determinant tersin olmadigi anlamina gelmez. Her elemana negatif paydanin
isareti de uygulanir.

. 2 -3 -1/4 3/8
adj(B)= . B-l=
-2 -1 1/4 1/8
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2/(—8)=-1/4; (-3)/(—8)=3/8; (—2)/(—8)=1/4; (—1)/(—8)=1/8. Kaynaktaki A-! etiketi harf
surcmesidir; hesaplanan matris B-*'dir.

Kaynak okuma notu - PDF 39
Hesaplanan ters B’ye aittir. Matris elemanlari dogrudur; A-* harfi B-* olarak dizeltilmistir.
Back to English

Solve the exact source system - pp40-41

Bir dnceki ters matrisi gercek bir denklem sisteminde kullaniyoruz; bu kaynak érnegi,
asagidaki yeni sayili alistirmadan ayridir.

Source PDF pages 40-41

4 3 X 28
4x+3y=28; 2x+5y=42 - =
2 5 y 42

Birinci situn x katsayilari 4 ve 2; ikinci situn y katsayilari 3 ve 5; sag taraf 28 ve 42 olur.

X -3 28
det(A)=14=0; =(1/14)
y -2 4 42

Ters matris sag taraftaki vektorin solundadir. p41l’deki bir ara satirda —3 yerine +3
gorinir; dogru kofaktér ve dogru sonuc icin isaret —3 olmalidir.

x=(5-28—-3:42)/14=(140-126)/14=1; y=(—2-28+4:42)/14=(—-56+168)/14=8

iki bilesen ayni anda ayni paydaya bélinir. Alternatif olarak [28,42]7/14=[2,3]" yapip
adj(A) ile carpabiliriz; sonuc yine [1,8]" olur.

4-1+3-8=28; 2:1+5:8=42

Yalnizca donusturdlmus sistem degil, baslangictaki iki denklem de saglandigi icin ¢c6zimuU
dogruladik. det(A)=0 oldugundan baska ¢6zim yoktur.

Kaynak okuma notu - PDF 41

Kofaktérden gelen —3 isareti korunur. iki baslangic denklemiyle kontrol edildiginde x=1,y=8 dogrudur.
Back to English

ME-07-W1 Worked example support

Kaynakta kurulan modeli yeni sayilarla uygula. Once gelirleri birlikte cdz; sonra Ci ve M;
iliskilerine geri dén. ihracati ayr bir bagimsiz sayi gibi secme: X1=M: ve X2=Mx.
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0.6Y1—0.1Y2=80; —0.2Y1+0.6Y2=40

Birinci katsayl 1-0.6+0.2=0.6; ikinci katsay1 1—0.5+0.1=0.6. Capraz katsayilar
—m2=-0.1 ve —m1=-0.2 olur.

D=0.6-0.6—(—0.1)(—0.2)=0.36—-0.02=0.34
0.34 sifir olmadigi icin hem ters yontemi hem Cramer yéntemi kullanilabilir.

Y1*=(0.6-80+0.1-40)/0.34=52/0.34=2600/17;
Y2*=(0.2-80+0.6-40)/0.34=40/0.34=2000/17

Gelirler yaklasik 152.9412 ve 117.6471'dir. Kesirleri korumak daha sonraki harcama ve
ticaret kontrollerinde yuvarlama hatasini onler.

C1=1560/17; C2=1000/17; M1=X2=520/17; M2=X1=200/17

C1=0.6-2600/17; C2=0.5-2000/17. ithalatlarda llkenin kendi geliri kullanilir; ihracat karsi
ulkenin ithalatidir.

Y1=(1560+1360+200-520)/17=2600/17; Y>=(1000+680+520—-200)/17=2000/17

80=1360/17 ve 40=680/17 yazdik. Boylece C+A+X—M toplamlarinin tam olarak
hesaplanan gelirleri verdigini goértyoruz.

AY1=(0.1/0.34)-10=50/17; AY>=(0.6/0.34)-10=300/17

Model A1,Az acisindan dogrusal oldugu icin bu sonlu 10 birimlik degisim yaklasik degil
tamdir. Yeni gelirler Y1=2650/17 ve Y2=2300/17 olur; parametreler degismedigi icin D
sabit kalir.

Ulke 2 harcama artisinin llke 1’e nasil tasindigini ve statik modelin neyi séylemedigini
acikla.

Return to the worked example

ME-07-S1 Question support

Once katsayi matrisini x,y sirasiyla kur. Sonuclari iki baslangic denkleminde de
sinamadan bitirme.

Sifir olmayan determinant neden tek ¢c6zim saglar? Ekonomik yorum icin ayrica neleri
kontrol etmeliyiz?

Return to the problem
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ME-07-S2 Question support

Tekil matris ile ¢ozimsiiz sistem ayni kavram degildir. iki farkli sag tarafi ayri ayri incele.

Tekillik neden her sag taraf icin ¢cozimsuzlik demek degildir?

Return to the problem
ME-07-S3 Question support
Ayni hesapta bir digsal sok carpani ile tek denklemin gelir-gelir egimini ayir.

A1 artisinin Ulke 2'ye olumlu etkisini ve dissal sok carpaniyla yapisal egim farkini acikla.

Return to the problem
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Hints Level 1 Choose the strategy

Use one hint, then go back and try. The second level gives a more specific intermediate move.
ME-07-S1

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlar ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-07-S2

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-07-S3

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2
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Hints Level 2 One useful next move

ME-07-S1

The determinant is 3:4—1-2.

2x2 ters icin késegen elemanlari degistir; digerlerinin isaretini degistir; hepsini determinanta bél.

Return and complete your attempt

ME-07-S2
The first row is twice the second row. The constants must obey the same relation.
ilk sistemde 6=2-3 dogru; ikinci sistemde 6=2-4 yanlis.

Return and complete your attempt

ME-07-S3
Both diagonal coefficients are 0.75, and D=0.5.

ilk sok A1 oldugundan ters matrisin birinci sitununu kullan. Kosullu egim icin ikinci yapisal denklemi Y2
acisindan duzenle.

Return and complete your attempt
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Solutions and model interpretations
ME-07-W1 Model interpretation

The foreign-spending shock raises both incomes. Bilateral exports and imports match
exactly. The calculation compares two equilibria; it does not establish a time path.

Ulke 2’'nin ek harcamasi Ulke 1’e de talep tasir. Her ihracatin karsi tlkede esit ithalat
bulundugu icin dis ticaret muhasebesi tutarlidir. Carpanlar iki dengeyi karsilastirir;
dengenin kac donemde veya hangi yoldan olusacagini séylemez.

Check the explanation
1 Names the bilateral identity M2=Xa.
[ Links the foreign spending shock to foreign income, imports and domestic exports.

[ States that the result compares equilibria rather than adjustment times.

ME-07-S1 Solution

det(A)=12-2=10; A~'=(1/10)

The matrix is nonsingular.

10 sifir degildir. Ters matrisin satirlarini sag tarafla carpacadiz.
x=(4-11-14)/10=30/10=3; y=(—2-11+3-14)/10=20/10=2
Take the two dot products.

ikinci pay —22+42=20"dir; ilk pay 44—14=30"dur.

3-:3+2=11; 2:3+4-2=14

Verify both equations.

Her iki esitlik de saglanir; determinant sifir olmadigi icin ¢c6zim tektir.
Model English interpretation

Since det(A)=10=0, the coefficient matrix is invertible, so the system has the unique
solution x=3,y=2. Both original equations are satisfied. The question supplies no

economic labels or units for x and y, so no economic quantity or policy meaning should

be invented.
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Turkce reasoning

Terslenebilirlik her sabit vektoru icin tek bir cozum verir. Ancak x ve y'ye fiyat, miktar
veya gelir adi verilmedigi icin bu 6rnekten kendiliginden ekonomik yorum cikarilamaz.
Ekonomik modelde ayrica degisken tanimlari, birimler ve kabul edilebilirlik kosullari
gerekir.

Check your explanation

[ States that A is invertible and hence maps each d to one x.

0 Checks the original equations.

[0 Does not invent an economic meaning or unit not supplied by the problem.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-07-S2 Solution

det(H)=2-2—-4-1=0

Being square is not sufficient for invertibility.

Satirlar bagimlidir; ters matrisi tanimlayan tekil olmayan kosulu saglanmaz.

Hx=[6,3]" = x1+2x2=3 - (X1,X2)=(3-2t,t), tER

The equations coincide and leave one free variable.

ilk denklem ikinci denklemin iki katidir. x2=t secilince x1=3-2t olur; sonsuz ¢6ziim vardir.

Hx=[6,4]" would require x1+2x2=3 and xi1+2x2=4

The second system is inconsistent.

Ayni ifade ayni anda 3 ve 4 olamaz; bu kez hi¢c ¢c6zum yoktur. Katsayl matrisi iki sistemde ayni kalmistir.
Model English interpretation

Singularity rules out a unique inverse solution; the right-hand side decides consistency.
Turkce reasoning

“det=0 ise ¢6zUm yok” ezberi yerine sag tarafin bagimhlk iliskisine uyup uymadigini
kontrol et.

Check your explanation

O Links row dependence to the required relation among constants.

Ekonomi Atdlyesi  English first « Tlrkce support 236



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

1 Distinguishes infinite solutions from inconsistency.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-07-S3 Solution

D=0.75%2-0.25%2=0.5; Y1=(0.75-60+0.25-40)/0.5=110;
Y2=(0.25-60+0.75-40)/0.5=90
Use the reduced forms.

Paylar 55 ve 45'tir; 0.5’e bdlince 110 ve 90 olur. 0.75-110—-0.25-90=60 ve —0.25-110+0.75-90=40
kontroll yapilabilir.

AY1=(0.75/0.5)-10=15; AY2=(0.25/0.5)-10=5

The response to A1 is given by the first inverse column.

A1 10 artinca yeni gelirler 125 ve 95 olur. Ulke 2 Gzerindeki sok carpani 0.5'tir.
Y2=(A24+0.25Y1)/0.75 - conditional slope=1/3; aY2*/0A1=1/2

Different denominators answer different questions.

1/3, A2 sabitken Yi'e gore yapisal egimdir. 1/2 ise A:i’deki bir birimlik dissal degisimin Y2'deki toplam denge
etkisidir. Bu sokta AY2/AY1=5/15=1/3 olmasi iki farkl tirevin ayni oldugu anlamina gelmez.

Model English interpretation

The structural slope links the two endogenous movements; the multiplier links an
exogenous cause to an equilibrium response.

Turkce reasoning

Paydadaki degiskeni okuyarak soruyu tani: Y1 degisimi mi, A1 soku mu? Bu ayrim
ekonomik yorumun temelidir.

Check your explanation

[0 Traces Ai1=»Yi—imports of country 1/exports of country 2-Ya.

[ States that the multiplier is per unit of A1, the structural slope per unit of Ya.

] Does not claim a dynamic adjustment speed.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
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Concept check answers

ME-07-C1 Answer B

Zero determinant prevents inversion, not necessarily consistency.

Tekillik, katsayilarin bir kisminin bagimsiz bilgi tasimadigini sdyler. Sag taraf bu iliskiye uygunsa cok
¢6zUm, aykirlysa ¢c6zimsuzlUk ortaya cikar.

If you chose differently: Separate invertibility from whether a particular right-hand side is consistent.
Ornegin x+y=1 ve 2x+2y=2 ile ikinci sag tarafi 3 olan sistemi karsilastirin.

ME-07-C2 Answer B

A-*A=l, and (3x3)(3x1) produces a 3x1 vector.

Soldan carpinca A-* ile A yan yana gelir. Sagdan dA~* carpimi (3x1)(3x3) oldugu icin i¢c boyut uyusmaz.
If you chose differently: Write dimensions before multiplying.

Matris carpiminda soldaki sutun sayisi sagdaki satir sayisina esit olmalidir.

ME-07-C3 Answer A

A: raises Yz and imports M2=m2Y2=Xi, so aY1*/0A2=m2/D>0.

ithalat Glke 2’'nin satin almasidir; iki tilke varsayimi nedeniyle ayni islem Ulke 1'in ihracat geliridir. Pozitif
m2 ve D bu etkiyi pozitif yapar.

If you chose differently: Use the identity M2=Xa.

Hangi Ulkenin ithalatinin digerinin ihracati oldugunu tek tek yazin.
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Reflection and a second attempt

For each skill, mark: not yet / with help / alone. “Alone” means you can demonstrate it with the
explanation closed.

1 Not yet [0 With help [J Alone
| can explain why a square matrix may be singular.

1 Not yet [0 With help [J Alone
| can build all cofactors, transpose and verify an inverse.

1 Not yet [0 With help [J Alone
| can solve Ax=d by premultiplication.

1 Not yet [0 With help [J Alone
| can derive the two-country reduced form and prove D>0.

1 Not yet [0 With help [J Alone
| can distinguish an exogenous-shock multiplier from a structural slope.

Her formiilden dnce boyutu ve determinant kosulunu kontrol edebiliyorum. iki Glke modelinde
ihracat-ithalat eslesmesini, yapisal ve indirgenmis bicimi ve hangi degiskenin dissal sok oldugunu
aciklayabiliyorum.

The first step | could not explain, and the check | will use next time

Next attempt: problem ID and date

Progress is manual. Keep the first attempt visible; use a new page or a different pen colour for the retry.

Source scope

Visually verified p28 inverse collage and pp36-42 at high resolution. All displayed source matrices,
numeric inverse examples, 4x+3y=28 / 2x+5y=42 system, two-country assumptions, structural/reduced
forms, positivity expansion, spillovers and the endogenous-slope question are covered. Explicit
corrections: p36 dependence coefficients, p39 B~ label, p41 dropped minus sign. Original W1/S1-S3
numbers are not attributed to the source. No dynamic stability or econometric bias is inferred from the
static deterministic equations.
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ME-08 Cramer’s Rule, Taxed Income &
Comparative Statics

Source PDF pages 43-46

Use Cramer’s rule correctly, derive Y*, C* and T*, and write precise economic
interpretations of spending, tax and parameter changes.

Foundations | Derivations | Source examples | Worked example | Independent practice | TUrk¢e support |
Hint levels 1 and 2 | Solutions and English interpretations | Reflection and retry

Before you start

What do | already understand, and which step do | need to explain?

Do not mark a skill “alone” just because a solution looks familiar. A useful attempt includes the model, the
operations, the check and the interpretation.

Foundations
One unknown, one replaced column

For a square system Ax=d with det(A)=0, Cramer’s rule gives xj=det(A;)/det(A). A; is
obtained by replacing only column j of A by d.

xj=det(Aj)/det(A), det(A)=0

Symbol English meaning Turkge karsiligi
A A with column j replaced by d j. sGtunu d ile degistirilmis A
det(A) Common nonzero denominator Ortak, sifir olmayan payda

Turkce explanation
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Three simultaneous economic equations

Income equals consumption plus autonomous investment and government spending.
Consumption depends on disposable income, not gross income. Taxes contain a

lump-sum part and an income-proportional part.

Y=C+lo+Go; C=a+B(Y=T); T=y+6Y

Symbol English meaning

Y National income

C Consumption expenditure

T Tax revenue/total taxes

lo Autonomous investment

Go Autonomous government expenditure
a Autonomous consumption

B Marginal propensity to consume

disposable income

Y Lump-sum tax
o) Proportional income-tax rate
Y-T Disposable income

Turkce explanation

Which objects are given?

Tarkce karsihgi

Milli gelir

Tuketim harcamasi
Toplam vergi geliri
Otonom yatirm

Otonom kamu harcamasi
Otonom tuketim

Harcanabilir gelire gére marjinal tiketim
egilimi

Gelirden bagimsiz gotlri vergi
Oransal gelir vergisi orani

Harcanabilir gelir

The endogenous variables are Y,C,T. Treat a,lo,Go,y as given exogenous magnitudes and
B,6 as given parameters. They can be varied one at a time in comparative statics.

Endogenous: Y,C,T. Given: a,lo,Go,Y,B,0.

Turkce explanation

Assumptions and economic admissibility

The notes assume a>0, y>0, 0<B<1 and 0<bd<1. These imply D=1-B(1-8)>0. Positive

equilibrium income additionally requires a+lo+Go—By>0.
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D=1-B(1-56)>0; N=a+lo+Go—By; Y*=N/D

Tlrkce explanation

What comparative statics actually asks

A comparative-static derivative asks how an equilibrium changes when one specified

exogenous magnitude or parameter changes, holding the rest fixed. It is not a statement

about the speed of adjustment over time.
Change the cause = recompute equilibrium — interpret the sign and units

Turkce explanation

Why does taxation reduce the spending multiplier?

An extra unit of income produces & units of additional tax and 1—-56 units of additional
disposable income. Consumption therefore rises by B(1-8), not .

Effective induced-consumption slope=p(1-8); spending multiplier=1/[1—B(1—-8)]

Turkce explanation

Government spending is not a lump-sum tax

A one-unit Go increase enters demand directly. A one-unit y increase first lowers
disposable income, so its initial consumption effect is —B. Their multipliers differ in sign
and magnitude.

aY*/aGo=1/D; aY*/ay=—Pp/D

Turkce explanation

Tax revenue can rise while income falls

Raising y lowers Y, but tax revenue still rises by (1—B)/D per unit under the stated
assumptions. The direct tax increase dominates the induced loss of proportional tax
revenue.

9T*/ay=1—6B/D=(1—B)/D>0

Turkce explanation
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Finite changes versus local derivatives

With B and & fixed, equilibrium is linear in a,lo,Go,y, so constant multipliers give exact
finite changes. Changes in 3 or & alter D, so a derivative is generally a local
approximation for a finite parameter change.

Exact when D fixed: AY=AGo/D. Local when 0 varies: AY=(0Y*/0d)Ad

TUurkce explanation

Pause and test your understanding
ME-08-C1

To find consumption C by Cramer’s rule when the unknown vector is (Y,C,T)7, what is
replaced?

A. The first row
B. The second column
C. The third column

My choice and the reason, before checking

Turkge question support | Check later

ME-08-C2

Which is the government-expenditure multiplier in this model?
A. —B/D

B. 1/D

C.5

My choice and the reason, before checking

Turkge question support | Check later
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ME-08-C3

Assume Y*>0. What is the sign of aY*/06 when 0<B<1 and D>07?
A. Positive, because tax revenue rises

B. Negative, because aY*/0d=—BY*/D

C. Zero, because b is a parameter

My choice and the reason, before checking

Turkge question support | Check later
ME-08-C4

A reported multiplier is 2.04 and Go increases by one monetary unit. Which interpretation
is correct?

A. Income is 2.04% higher, regardless of the starting income.
B. Equilibrium income increases by about 2.04 monetary units, ceteris paribus.
C. Income reaches the new equilibrium in 2.04 periods.

My choice and the reason, before checking

Turkce question support | Check later

Derivations with reasons
Put the taxed-income model into matrix form - pp43-44

Separate endogenous quantities from given magnitudes.

Source PDF pages 43-44
Y=C+lo+Go = Y—C=lo+Go

Move consumption to the endogenous side.
C=a+B(Y-T)=a+BY—BT » —BY+C+BT=x

Expand consumption, then move the two income-dependent terms left.
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T=y+38Y -» —0Y+0C+T=y

Move proportional tax income left.

1 -1 0 Y lo+Go
A= _B ’ A = a
-6 0 T %

Use the same order Y,C,T in every equation.

D=1:(1-1-B-0)—(-1)-[(=B)-1-B(-5)]+0

Expand the determinant through the first row.

D=1+(—B+B6)=1—B+B6=1—PB(1-5)>0

Factor B and use the parameter restrictions.

Source reading note - PDF 45

In the notes: One handwritten tax line shows a minus and one vector entry is labelled G.

Checked form: The consistent model is T=y+38Y, with unknown vector (Y,C,T)".

The matrix, numerical example and subsequent derivatives all confirm the plus tax rule and T as the third

unknown.

Detailed Turkish reasoning

Find Y*, C* and T* by Cramer’s rule - p44

All three outcomes need their own replacement determinant.

Source PDF pages 44

E -1 O
E=lo+Go; Ay= a 1 B
y O 1

Replace only the first column for income.

det(Ay)=E(1-0)—(-1)(a—By)=E+a—By=N

Expand along the first row.
Y*=(a—By+lo+Go)/D

Divide the income determinant by D.
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1 E 0
Ac= | -Bp o B |; det(Ac)=(a—By)—E(—B+B0)
-0 vy 1

Replace the second column, then expand through the first row.
C*=[a—By+B(1-58)(lo+Go)]/D =Y*—lo—Go

Factor —E(—B+Bd) into B(1—-08)E.

1 -1 E
A=| -B 1 a |[|; det(A)=y—(—-1)(—By+ad)+EDd
-6 O Y

Replace the third column and keep all three first-row terms.
T*=[(1-B)y+0(a+lo+Go)]/D =y+0Y*

Collect the y terms and compare with the tax rule.
Y*—T*=(1-08)Y*—y; C*=a+B(Y*—T*)

Verify the disposable-income and consumption equations.

Detailed Turkish reasoning
Government spending and lump-sum-tax effects - pp44,46

The notes ask for the effects on all three equilibrium variables.

Source PDF pages 44,46

Y*=N/D; daN/dGo=1; aD/9Go=0

Recognize that Go changes the numerator only.
0Y*/0Go=[1-D—N-0]/D?=D/D?=1/D>0

Apply the quotient rule and simplify.

C*=Y*—lo—Go - 9C*/0Go=1/D—1=(1-D)/D=B(1-6)/D>0

Subtract the direct expenditure unit from the total income response.
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T*=y+0Y* - 9T*/0Go=06/D>0
Tax revenue responds through the higher income.

At D=0.49: 9Y*/0Go=100/49=2.0408; 0C*/0Go=51/49=1.0408;
0T*/0Go=15/49=0.3061

Evaluate the source example multipliers without premature rounding.
oY*/oy=—B/D; oC*/oy=—B/D; aT*/ay=1-06B/D=(1-B)/D
Differentiate the lump-sum-tax experiment separately.

With fixed B,6: AY*=AGo/D and AY*=—pAy/D

These finite changes are exact for isolated shocks to Go or vy.

Source reading note - PDF 46

In the notes: 1/[1-3(1-8)] beside aY*/aGo is labelled “tax multiplier”.

Checked form: It is the government-expenditure multiplier; the lump-sum-tax multiplier is —f/D.
The denominator includes tax leakage, but the variable being changed is Go.

Detailed Turkish reasoning
The income-tax-rate derivative - p46

Explain the negative effect on income and complete the consumption and tax-revenue
responses.

Source PDF pages 46

N=a+lo+Go—BY; dN/a6=0; D=1—B+B5; aD/ad=B
The numerator is fixed in an isolated 6 change.
0Y*/06=(0-D—Np)/D?=—pBN/D?

Use the quotient rule with a changing denominator.
aY*/36=—(B/D)(N/D)=—BY*/D<0 when Y*>0
Recognize N/D as equilibrium income.
0C*/06=0Y*/06=—BY*/D

Autonomous investment and government spending are unchanged.
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oT*/00=Y*+8(aY*/36)=Y*(1-6B/D)=(1-B)Y*/D>0

Use the product rule for 6Y*.

Detailed Turkish reasoning

All 18 comparative-static derivatives - the p46 exercise completed

Three endogenous outcomes times six given magnitudes/parameters gives 18
derivatives. Let Z=Y*-T*=(1-8)Y*—y.

Source PDF pages 46
o: aY*/aa=1/D; aC*/aa=1/D; oT*/oa=8/D
An autonomous-consumption increase raises income, consumption and taxes.

lo: 9Y*/dlo=1/D; aC*/dlo=B(1—8)/D; oT*/alo=5/D

Investment has the same induced-consumption mechanism as government spending.

Go: 9Y*/0Go=1/D; 9C*/0Go=B(1—8)/D; aT*/0Go=6/D
Government spending raises all three outcomes under the parameter restrictions.

y: aY*/oy=—[B/D; aC*/oy=—B/D; oT*/oay=(1—B)/D

Lump-sum taxes reduce income and consumption but increase revenue in this model.

oY*/aB=[(—y)D—N(-1+8)]l/D*=[(1-8)N—-yD]/D>=Z/D

Differentiate both N and D with respect to B.

B: aY*/oB=2Z/D; oC*/aB=2Z/D; aT*/of=056Z/D

These three derivatives are positive if disposable income Z is positive.
6: 0Y*/0d=—BY*/D; aC*/06=—BY*/D; aT*/0d=(1—B)Y*/D

For Y*>0, the signs are negative, negative and positive.
Detailed Turkish reasoning
Bridge to the market-model review - bottom of p46

The notes move from income comparative statics to market comparative statics.

Source PDF pages 46 (bottom)
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P=a—bP; Qs=—-c+dP; Q°=Qs
Equilibrium joins the demand and supply relations.
a—bP=—-c+dP - a+c=(b+d)P -» P*=(a+c)/(b+d)
Collect price terms and divide by the positive slope sum.
Q*=a—b(a+c)/(b+d)=[a(b+d)—b(a+c)]/(b+d)=(ad—Dbc)/(b+d)

Substitute the equilibrium price and simplify.

Detailed Turkish reasoning

Source examples and checked readings

These examples retain the source numbers and mathematical content. The explanations are newly
written. Any checked correction is placed next to the affected calculation.

Cramer’s rule for the two-country model - p43

Reproduce the preceding inverse solution by replacing one column at a time.

Source PDF pages 43

a —M2
K= o :a=1—-ci+mz:; b=1-c2+mz2; D=ab—mim2>0
—Ma

Use temporary symbols a,b to keep the determinant readable.

A1 —m2
Ki= o i det(Ki)=Aib—(—mz2)A2=bA1+m2Az
Az

Replace the first column to solve for Y.
Yi*¥=[(1—c2+mz2)A1+m=2A2]/D

Divide by the determinant of the original coefficient matrix.

A
Ka= 2 ' o det(Kz2)=aAz—Ai1(—m1)=aAz2+m1A:
-m1 Az

Replace the second column for Ya.
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Y2*=[(1—ci+m1)A2+m1A1]/D

The result agrees with the matrix inverse method.
Source reading note - PDF 43

In the notes: A simplified Y1 numerator shows 1—ci+mo.
Checked form: The unchanged lower-right coefficient is 1—c2+ma.
Yi¥=[(1—c2+m2)A1+m2A2]/D.

TUrkce source-example reasoning
The exact numerical source example - p45

Source inputs: lo=500, Go=250, a=200, B=0.6, y=50, 6=0.15. Find equilibrium Y,C,T.

Source PDF pages 45
E=500+250=750; D=1-0.6(1-0.15)=1-0.51=0.49

Compute autonomous spending and the common determinant.

1 -1 0 750
A= -0.6 1 06 |; d= 200
-0.15 0 1 50

Write the numerical coefficient matrix and constant vector.
det(Ay)=750+200—-0.6-50=950—30=920; Y*=920/0.49=92000/49=1877.5510
Expand the income replacement determinant.
det(Ac)=(200-30)—-750(—0.6+0.09)=170+382.5=552.5

Use the first-row expansion shown in the notes.
C*=552.5/0.49=55250/49=1127.5510

Divide by the same D, not by a new determinant.
det(A:)=—30+30+50+112.5=162.5; T*=162.5/0.49=16250/49=331.6327
Complete the tax calculation left as a quotient in the source.
Y*-T*=75750/49=1545.9184; 200+0.6(75750/49)=55250/49

Check the original consumption equation using disposable income.
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Y*=C*+500+250; T*=50+0.15Y*

All three original equations hold exactly with the fractions.

Source reading note - PDF 45

In the notes: Source rounds Y*=1877.5 and C*¥*=1127.5 before completing checks.
Checked form: Y*=92000/49, C¥*=55250/49, T*=16250/49.

Keep exact fractions until the final display to avoid propagated rounding error.

TUrkce source-example reasoning

Worked example
ME-08-W1 Two policies, different channels

Let Y=C+lo+Go, C=a+B(Y-T), and T=y+38Y, with a=80, B=0.75, y=20, 6=0.20, lo=60 and
Go=40. Find Y*, C* and T*. Compare two separate policies: (A) Go rises by 20; (B) y rises
by 8. For each policy, report exact changes in Y,C,T and explain the economic mechanism
in English.

Turkce question | Interpretation answer after trying

Before reading the steps: choose a method and say why it applies

D=1-0.75-0.8=0.4; N=80+60+40—-0.75-20=165
Compute the common denominator and income numerator.
Y*=165/0.4=412.5; C*=412.5-100=312.5; T*=20+0.2-412.5=102.5

Find all three equilibrium levels.

Pause. Predict the next operation and justify it before reading on.

Policy A: AY=20/0.4=50; AC=[0.75-0.8/0.4]-20=30; AT=(0.2/0.4)-20=10
An extra 20 units of government spending creates 50 units of equilibrium income.
Policy B: AY=(—-0.75/0.4)-8=-15; AC=-15; AT=[(1-0.75)/0.4]-8=5

Higher lump-sum taxes contract income and consumption but increase tax revenue.
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Interpret before reading the model answer

Write a short exam answer comparing the channels, signs and units of the two policies.
Explain why the tax-revenue change in policy B differs from the direct lump-sum-tax
increase.

Say your interpretation aloud; note the main result and one reason
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Independent practice

Attempt each problem before the hints. The next page of each problem is for
interpretation and checking. Do not use the solution as a copying exercise.

ME-08-S1 Rebuild and interpret a taxed equilibrium

Use a=60, B=0.5, y=20, 6=0.2, 10=50 and Go=20 in the taxed-income model. Find Y*, C*,
T* and disposable income. Then increase Go by 12, holding every other primitive fixed,
and calculate the exact changes in Y,C,T.

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-08-S1 Interpretation and verification

Why is AY greater than the initial AGo, and why does tax revenue change even though the
tax policy is unchanged?

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-08-S2 Diagnose the multiplier label

A student uses B=0.8 and 6=0.25, computes D=0.4, and calls 1/D=2.5 the lump-sum-tax
multiplier. Correct the label. Find the change in income if Go increases by 4, and
separately if y increases by 4. Assume an economically admissible starting equilibrium.

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-08-S2 Interpretation and verification

Explain in English why equal-sized spending and lump-sum-tax increases do not have
equal-sized opposite income effects.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-08-S3 A tax-rate change is not a fixed multiplier shock

Return to a=60, B=0.5, y=20, 10=50 and Go=20. Raise & from 0.20 to 0.30. Compute the
exact new equilibrium Y*, C*, T* and the exact change in Y. Compare it with the
derivative approximation evaluated at 6=0.20. Explain the difference.

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-08-S3 Interpretation and verification

Write an exam answer that states the direction of the tax-rate effect, distinguishes a
percentage point from a percent change, and explains why the derivative does not give

the exact finite change.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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Turkce support

Bu bolum dili ve gerekceyi anlamak icindir. Aciklamayi! aynen kopyalama; okuduktan
sonra kendi ¢é6ziimiine don. ingilizce soru sayfalarinda yanitlari gérmeden deneme
yapabilirsin.

One unknown, one replaced column

Cramer kurali yeni bir ekonomik varsayim degildir; ters matrisle ayni tek ¢c6zimu farkh bir
hesapla verir. Hangi bilinmeyeni ariyorsaniz onun katsayi stUtununu sabitler vektoruyle
degistirirsiniz. Satir degil sttun degistirilir; diger sttunlarin sirasi ve degerleri korunur.
Paydada her bilinmeyen icin ayni asil katsayl determinanti bulunur. det(A)=0 ise bu
boélme kurali uygulanamaz.

xi=det(A;j)/det(A), det(A)=0
Back to English
Three simultaneous economic equations

Milli gelirin tamami hanenin harcanabilir geliri degildir; vergi T ¢ikarildiktan sonra Y-T
kalir. T=y+0Y iki parcali vergi kurahdir: y gelirden bagimsiz sabit vergi, 8Y ise gelire bagl
vergidir. Vergi tuketimi etkiler, tuketim geliri etkiler, gelir de vergiyi etkiler; dolayisiyla
Y,C,T birlikte belirlenir.

Y=C+lo+Go; C=a+B(Y-T); T=y+06Y
Back to English
Which objects are given?

“Verilmis” olmak sonsuza kadar degismeyecek demek degildir. Tek bir dengeyi ¢cd6zerken
a,lo,Go,Y,B,0 sayilar sabittir; karsilastirmali statikte bunlardan birini degistirip yeni
dengeyi karsilastiririz. icsel Y,C, T ise her deneyde yeniden cozilir. Kaynakta a bazen
dissal degisken, bazen otonom tiketim parametresi olarak adlandirilir; 6nemli olan
¢ozulen bilinmeyenlerden biri olmamasidir.

Endogenous: Y,C,T. Given: a,lo,Go,Y,B,0.
Back to English
Assumptions and economic admissibility

B ve & oranlar boyutsuzdur; diger buyuklUkler ortak parasal birim ve dénemdedir. D>0
tek c6zim kosulunu saglar ama tek basina Y>0 demek degildir: payin da pozitif olmasi
gerekir. Pozitif harcanabilir gelir yorumu i¢in Y=T=(1-8)Y—-y>0 kontrol edilir. Notlardaki
ekonomik yorumlari bu alan kosullariyla okuruz; matematiksel olarak bulunan her sayi
otomatik olarak ekonomik acidan uygun degildir.
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D=1-B(1-6)>0; N=a+lo+Go—BY; Y*=N/D
Back to English
What comparative statics actually asks

9Y*/0Go, Go bir birim degisirken diger verilenlerin sabit tutuldugu denge etkisidir. aY*/36
ise gelir vergisi oranina duyarhliktir. Yildiz denge degerini gosterir; tirevde hangi
degiskene gore islem yapildigi mutlaka yazilmahdir. Ceteris paribus ifadesi “diger her sey
ayniyken” anlamina gelir; aksi halde birden fazla degisimin etkisi karisir.

Change the cause - recompute equilibrium - interpret the sign and units
Back to English
Why does taxation reduce the spending multiplier?

Bir birimlik gelir artisinin & kadari vergiye gider. Kalan 1—56 harcanabilir gelirin B kadar
tuketime donusur. Boylece gelirin tekrar harcamaya dénen kismi B(1—5) olur. Vergi orani
yukseldikce bu geri donus kuaculur ve kamu harcamasi carpani duser. Bu bir statik geri
besleme aciklamasidir; zaman slreci varsaymak zorunda degiliz.

Effective induced-consumption slope=B(1-8); spending multiplier=1/[1—B(1-8)]
Back to English
Government spending is not a lump-sum tax

Go artisi dogrudan bir birim toplam harcamadir; y artisi ise tliketicinin harcanabilir

gelirinden bir birim alir, ama ttketim yalnizca B kadar azalir. Bu yizden kamu harcamasi
carpani 1/D, goéturd vergi carpani —B/D’dir. p46°’daki 1/D ifadesinin yanina “tax multiplier
yazilmasi bir etiket hatasidir; tlirev Go'ya gore alindigi icin bu kamu harcamasi carpanidir.

n

oY*/0Go=1/D; aY*/oy=—B/D
Back to English
Tax revenue can rise while income falls

T=y+08Y denkleminde y dogrudan +1 etkisi yapar. Ayni anda Y azalinca 8Y kacualur;
dolayl etki eksi olur. Toplami 1+6(—p/D)=(1—B)/D pozitiftir. Bu ayrim, “gelir dustu, o
halde vergi geliri kesin diser” gibi yanhs bir yorumu 6énler. “Vergi oranini artirmak her
ekonomide geliri artirir” gibi genel bir iddia da kurmuyoruz; sonu¢ bu dogrusal model ve
varsayimlar icindir.

aT*/ay=1—6p/D=(1—PB)/D>0

Back to English
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Finite changes versus local derivatives

Go 10 artarsa AY=10/D esitligi tamdir; cinkl payda degismez ve Go yalnizca payin iginde
dogrusal bulunur. B veya & degistiginde ise payda da degisir. Bu yuzden buyuk bir vergi
orani degisiminde yalnizca eski tiirevxdegisim yazmak yerine yeni dengeyi dogrudan
hesaplamak gerekir. Vergi oraninda bir ylzde puanlk artis A5=0.01"dir; Ad=1 dedgildir.

Exact when D fixed: AY=AGo/D. Local when & varies: AY=(aY*/a5)Ad
Back to English

ME-08-C1 Question support

Bilinmeyen sirasi Y,C,T ise C icin hangi sutun degistirilir?

Return to foundations

ME-08-C2 Question support

Go'daki artisin Y* Uzerindeki etkisini soruyoruz.

Return to foundations
ME-08-C3 Question support

Gelir vergisi orani artisi, diger verilenler sabitken denge gelirini nasil etkiler?

Return to foundations
ME-08-C4 Question support

Garpani bir sonuc¢ cumlesi olarak yorumla.

Return to foundations
Put the taxed-income model into matrix form - pp43-44

Uc denklem (¢ bilinmeyen icin ortak bir katsayi sistemi kuruyoruz; tiketim denklemindeki
parantezi dikkatle aciyoruz.

Source PDF pages 43-44
Y=C+lo+Go » Y—C=lo+Go

Y’'nin katsayisi 1, C'nin katsayisi —1, T'nin katsayisi 0 olur. Denklemde gérinmeyen
bilinmeyenin katsayisi sifirdir.

C=0+B(Y-T)=a+BY—BT » —BY+C+pT=a

B(Y—-T) acilinca BY—BT elde edilir. BY sola eksi, —BT sola arti gecer. C'nin kendi katsayisi
+1'dir.
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T=y+38Y -» —0Y+0C+T=y

T'nin vergi denklemindeki isareti +1'dir. Kaynaktaki bir el yazisi satirinda eksi gibi duran
isaret matrise ve sonraki islemlere aykiridir; model T=y+06Y seklindedir.

1 -1 0 Y lo+Go
A= -1 B |; A Cc |= a
-6 0 1 T Y

Son bilinmeyen T'dir; kaynak p45’teki bir ara vektdorde G harfi géorunmesi yazim
sturcmesidir. Go dissal kamu harcamasi olarak sag taraftadir.

D=1-(1-1-B-0)—(-1)-[(-=B)-1-B(-5)1+0

Birinci satirdaki kofaktér isaretleri +,—,+ seklindedir. ikinci terimde katsayi —1 oldugu icin
distaki eksiyle carpimi arti olur.

D=1+(—B+B8)=1-B+pB0=1-B(1-0)>0
0<B<1 ve 0<1-6<1 oldugu icin 0<B(1-8)<1; 1'den bu saylyi cikarinca pozitif D kalir.
Boylece tek ¢c6zum vardir.

Kaynak okuma notu - PDF 45

Sayisal katsayl matrisi ve sonraki buattn islemler T=y+8Y modelini kullanir. Dissal Go bilinmeyen vektdrine
konulmaz.

Back to English
Find Y*, C* and T* by Cramer’s rule - p44

Kaynak p44 bu U¢ determinanti verip ¢cozumleri istemektedir; burada hicbir pay
determinantini atlamadan tamamliyoruz.

Source PDF pages 44

E -1 O
E=|O+G0; Ay= (01 1 B
Y 0 1

E, yatirrm ve kamu harcamasinin toplami icin kisaltmadir. Y'nin katsayi sutunu [E,a,y]" ile
degistirilir.

det(Ay)=E(1-0)—(-1)(a—By)=E+a—By=N

ikinci minér a-1—By’dir. Onindeki —(—1) bu mindru arti yapar. Béylece Y'nin payinda
goturu vergi —By olarak kalir.
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Y*=(a—By+lo+Go)/D

D sabittir ve pozitiftir. Y¥*>0 icin payin pozitif olmasi ayrica kontrol edilir.

1 E 0
Ac= | -p o B |; det(Ac)=(a—By)—E(—B+B0)
-0 vy 1

Birinci minér a—By; ikinci mindr —B+Bd olur. ikinci siitun teriminin kofaktdr isareti eksi
oldugundan E ile carpim cikarilr.

C*=[a—By+B(1—5)(lo+Go)1/D =Y*—lo—Go

Tuketimin gelirden yatirnm ve kamu harcamasi cikarilarak da elde edilmesi gerekir.
Y*—E=[N—ED]/D ifadesini acarsak ayni paya ulasiriz.

1 -1 E
A=| -B 1 o |[|; det(A)=y—(—-1)(—By+ad)+ES
-6 O Y

Uclinc mindr (—B)-0—1-(—6)==56'dIr; isareti pozitiftir. Ortadaki minér —By+ad olur.
T*=[(1-B)y+06(a+lo+Go)]/D =y+0Y*

Y—By=(1—B)y. Diger terimler 6a+86E’dir. y+8N/D yazip ortak paydaya getirince de ayni
sonuc cikar.

Y*—T*=(1-8)Y*—y; Ck=a+B(Y*~T*)

TUketim yalnizca Y’'ye degil vergi sonrasi gelire baglidir. Hesaplanan Y*,C*, T* degerlerini
Uc orijinal denklemde sinamak, tek bir formul hatasini ortaya cikarabilir.
Back to English

Government spending and lump-sum-tax effects - pp44,46

Go artisi veya azalisi yalnizca Y'yi degil, tiiketimi ve vergi tahsilatini da degistirir. UclinG
birlikte hesapliyoruz.

Source PDF pages 44,46
Y*=N/D; daN/0Go=1; aD/0Go=0

B ve & sabit tutuldugu icin payda Go'ya bagh degildir. Ceteris paribus kosulunu bu
noktada kullaniyoruz.
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9Y*/0Go=[1-D—N-0]/D?=D/D?=1/D>0

Kaynak bolum kuralini bu sekilde yazar. Sonuc bir birim kamu harcamasi artisinin kag
birim denge geliri yarattigini gdsterir; ytzdelik bir blUytme orani degildir.

C*¥=Y*—lo—Go —» 9C*/0Go=1/D—1=(1-D)/D=B(1-56)/D>0

Gelir artisinin bir kismi zaten Go'daki bir birimlik artistir. Kalani tiketim artisidir. Tuketim
carpaninin gelir carpanindan klcuk olmasi bu muhasebeyle tutarlidir.

T*=y+8Y* - 9T*/0Go=56/D>0

y ve 0 sabit oldugundan vergi tahsilatindaki degisim yalnizca 6-dY kanaliyla gelir. Vergi
gelirini sabit sanmak yanlis olur; sabit olan vergi kurahdir.

At D=0.49: 9Y*/0Go=100/49=2.0408; 0C*/0Go=51/49=1.0408;
0T*/0Go=15/49=0.3061

Go bir birim artarsa Y yaklasik 2.04, C yaklasik 1.04, T yaklasik 0.306 birim artar. Go bir
birim azalirsa isaretler tersine doner; katsayilar ayni kalir.

oY*/ay=—B/D; aC*/oy=—B/D; oT*/oy=1-6B/D=(1-B)/D

y artinca N'nin tdrevi —B'dir. lo,Go sabitken C=Y—lo—Go oldugundan C’'nin tepkisi Y ile
aynidir. T'de dogrudan +1 ile gelirin azalmasindan kaynaklanan dolayli etki birlestirilir.

With fixed B,6: AY*=AGo/D and AY*=—BAy/D

Payda sabitken bu degiskenler gelir formilinde dogrusal yer alir. Birden fazla sok varsa
etkiler toplanabilir; fakat neyin degistigi acik¢a séylenmelidir.
Kaynak okuma notu - PDF 46

Vergi paydada yer aliyor diye her tirev vergi carpani olmaz. Degistirilen blytklik Go oldugundan bu kamu
harcamasi carpanidir.

Back to English
The income-tax-rate derivative - p46

Vergi orani degisince payda degisir; burada yalnizca payi tlirevlemek yeterli degildir.

Source PDF pages 46
N=a+lo+Go—BYy; dN/36=0; D=1—B+B56; aD/96=

Yy gotura vergidir ve 6 ile birlikte otomatik degismez. Bu deneyde B,y,a,lo,Go sabit tutulur.
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9Y*/06=(0-D—NB)/D?=—BN/D?

Paydanin artisi sonucu kucultar; bolum kuralindaki eksi isaret bu ekonomik mekanizmayi
yansitir.

oY*/0d6=—(B/D)(N/D)=—BY*/D<0 when Y*>0

Kaynakta yapilan sadelestirme budur. Negatiflik icin >0, D>0 ve Y*>0 kosullari birlikte
kullanilir; pozitif gelir kosulunu gizlememek gerekir.

0C*/06=0Y*/06=—BY*/D

C=Y-lo—Go kimligini kullaniyoruz. Vergi orani artinca bu modelde hem gelir hem tiketim
azalir.

oT*/08=Y*+6(aY*/08)=Y*(1—-6B/D)=(1—-B)Y*/D>0

Dogrudan vergi orani artisi +Y etkisi; daralan gelirin etkisi 6-dY/dbd ile eksidir. Toplam bu
modelin varsayimlarinda pozitif kalir. Bu sonu¢ evrensel vergi teorisi iddiasi degil, verilen
dogrusal yapinin sonucudur.

Back to English
All 18 comparative-static derivatives - the p46 exercise completed

Kaynak “18 comparative-static derivatives” diyerek Y*,C* T* icin a,lo,Go,y,B,5
degisimlerinin tamamini isaret eder. Asagida her grup ve isaret kosulu acikca verilir.

Source PDF pages 46
o: aY*/oa=1/D; aC*/oa=1/D; aT*/oac=6/D

a, N'ye +1 katsayisiyla girer. lo,Go sabitken tlketim gelirin tamami kadar degisir; vergi
geliri 6 kati kadar artar. U¢ tirev de pozitiftir.

lo: 3Y*/3lo=1/D; aC*/dlo=B(1—06)/D; oT*/alo=06/D

C=Y—-lo—Go ifadesinde lo dogrudan da cikarildigi icin tuketim tUrevi 1/D—1 olur. Bu, gelirin
tumuanudn tiketim olmadigl anlamina gelir.

Go: 9Y*/8Go=1/D; 9C*/8Go=B(1—0)/D; 0T*/0Go=06/D

Gelir carpani, tuketim carpani ve vergi geliri carpani farkl bayukltkleri olcer. Hepsini tek
bir “carpan” adi altinda karistirmayin.
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y: aY*/ay=—B/D; aC*/ay=—B/D; aT*/ay=(1—B)/D

Ik iki isaret negatiftir; sonuncusu 1—B>0 oldudu icin pozitiftir. Vergi tahsilatinin artisinin
birden klcuk olmasi gelirdeki daralma nedeniyle kismi geri kaybi gosterir.

aY*/oB=[(—y)D—N(-1+8)]/D?=[(1-8)N—-yD]/D2=Z/D

B hem —By teriminde hem D’de bulundugu icin iki etkiyi birlikte aliriz. Payi D’'ye bolerek
(1-8)Y*—y=Z harcanabilir gelirini taniriz.

B: 9Y*/ap=2/D; 3C*/ap=2Z/D; oT*/aB=56Z/D

B artisi ancak harcanabilir gelir pozitifken tliketim ve gelir artirici olarak yorumlanir. B’'nin
artmasini ylzde puan cinsinden verirsek gercek sayisal degisim 6rnegin 0.01 olmaldir.
Sonlu buyuk degisimde yeni denge hesaplanir.

6: aY*/36=—PBY*/D; aC*/a6=—BY*/D; aT*/36=(1—B)Y*/D

Bu UclU oran vergisinin tum denge sonuglarini 6zetler. 6 grupx3 ¢ikti=18 turev
tamamlandi. isaretler sdylenirken Y*>0 ve gerektiginde Z>0 gibi ekonomik alan kosullari
eklenmelidir.

Back to English
Bridge to the market-model review - bottom of p46

Bir sonraki sayfadaki uygulamanin baslangicini burada kayda geciriyoruz; turevlerin
tamami ME-09'da ¢ozuldr.

Source PDF pages 46 (bottom)
b=a—bP; Q*=—c+dP; Q°=Qs

a,b,c,d>0 varsayilir. Kaynak p46’'daki Q* paydasinin kisa yazimi tamamlanmamis
gorunur; p47'de acikca b+d olarak verilir.

a—bP=-c+dP - a+c=(b+d)P » P*=(a+c)/(b+d)
Talep ve arz esitligindeki eksi isaretler tasinirken a+c ve b+d olusur.
Q*=a—b(a+c)/(b+d)=[a(b+d)—b(a+c)]/(b+d)=(ad—bc)/(b+d)

Q*>0 icin ad>bc gerekir; a,b,c,d pozitifligi tek basina pozitif miktari garanti etmez. Sekiz
piyasa turevi ve grafikli isaret yorumlari ME-09'da ele alinir.

Back to English
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Cramer’s rule for the two-country model - p43

ME-07'de elde edilen indirgenmis bicimin Cramer kuraliyla ayni ¢cikmasini kontrol
ediyoruz.

Source PDF pages 43

a —M2
K= o :a=1l—-ci+mi; b=1—-c2+mz2; D=ab—mim2>0
—Ma

Bu boélumde a,b yalnizca kdsegen katsayilarin kisaltmasidir; tuketim veya talep
parametreleriyle kanistirlmamalidir. Sag taraf [A1,A2]"dir.

A1 —m2
Ki= o o det(Ki)=Aib—(—mz2)A2=bA1+m2Az
Az

ikinci situn degismez. Eksi ile eksi carpimi cikarilirken artiya dénlsir. Kaynakta bir ara Ya

satirinda c1 géruntyor; dogru b=1—-c2+m:z degeridir, cunkl degistirmedigimiz sag alt
eleman budur.

Yi*¥=[(1—c2+m2)A1+m2A2]/D

Paydadaki K, sUtunu degistirilmis K1 degildir. Orijinal sistemin ortak determinanti
kullaniimahdir.

A
Ka= 2 ' o det(Kz2)=aAz2—Ai1(—m1)=aAz2+m:1A:
-m1 Az

Birinci situn aynen kalir. A1 ve A'yi bir satira degil, sabitler vektoru olarak ikinci sGtuna
yerlestiririz.

Y2*=[(1—ci+mz1)A2+m:1A1]/D

Ayni ekonomik denklemler ayni tek ¢c6zumu vermelidir. Bu esitlik hesaplama yontemleri
arasinda gucld bir dogrulama saglar.

Kaynak okuma notu - PDF 43

Birinci sGtun degistirilince sag alt katsayi degismez; bu katsayi ikinci Ulkeye ait 1—c2+mz2'dir.

Back to English
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The exact numerical source example - p45

Notlardaki sayilari aynen kullantyoruz; yalnizca erken yuvarlama yerine son adimda
yuvarliyoruz.

Source PDF pages 45
E=500+250=750; D=1-0.6(1-0.15)=1-0.51=0.49

1-0.15=0.85; 0.6:0.85=0.51. Bu nedenle butlin Cramer paylari 0.49’a bolunur.

1 -1 0 750
A= -0.6 1 06 |; d= 200
-0.15 0 1 50

Vergi orani 0.15 oldugundan UgUncu satirin ilk elemani —0.15'tir. Sabit vergi 50 sag
taraftadir; ikisini karistirmayin.

det(Ay)=750+200-0.6-50=950-30=920; Y*=920/0.49=92000/49=1877.5510

Kaynaktaki yaklasik 1877.5 sonucu erken yuvarlanmistir. Tam kesir 92000/49'dur;
sonraki hesaplarda bunu korumak daha dogrudur.

det(Ac)=(200-30)—-750(—0.6+0.09)=170+382.5=552.5

0.6:0.15=0.09; —0.6+0.09=-0.51. —=750-(—0.51)=+382.5 olur. Hem negatif isaret
onemlidir.

C*=552.5/0.49=55250/49=1127.5510

Ayrica Y*—750=1127.5510 kontrolU yapilir. Kaynagin 1127.5 deg@eri yuvarlama
dldzeyindedir.

det(At)=—30+30+50+112.5=162.5; T*=162.5/0.49=16250/49=331.6327

(1-0.6)-50+0.15(200+750)=20+142.5=162.5 alternatif kisa kontroldir. T*=331.6327
sonucunu mutlaka y+8Y* ile de dogrulariz.

Y*-T*=75750/49~=1545.9184; 200+0.6(75750/49)=55250/49

Vergi sonrasi gelir pozitif oldugundan tiketim iliskisinin ekonomik yorumu uygundur. 200
otonom tuketimdir; gelir sifir olsa bile modelde bu terim bulunur.
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Y*=C*+500+250; T*=50+0.15Y*

Gelir ve tuketim farki tam 750'dir. Yaklasik sonuclarda kucuk farklar yuvarlamadan
gelebilir; kesirli kontrolde fark sifirdir.

Kaynak okuma notu - PDF 45
Yuvarlama o6gretici icerigi degistirmez; ancak kontrol ve sonraki hesaplar icin tam kesirleri koruyoruz.

Back to English
ME-08-W1 Worked example support

iki politika ayri deneylerdir: B politikasini A'nin lizerine ekleme. Once temel dengeyi bul,
sonra kamu harcamasi ve goturu vergi kanallarini ayir.

D=1-0.75-0.8=0.4; N=80+60+40-0.75-20=165

Vergi sonrasi tiketim egimi 0.75-0.8=0.6'dir; bu nedenle D=0.4. Otonom talep
toplamindan goéturd verginin tiketim etkisi 15 cikarilir.

Y*=165/0.4=412.5; C*=412.5-100=312.5; T*=20+0.2:412.5=102.5
Harcanabilir gelir 412.5—-102.5=310"dur. 80+0.75-310=312.5 tuketim kontrolinu verir.
Policy A: AY=20/0.4=50; AC=[0.75-0.8/0.4]-20=30; AT=(0.2/0.4)-20=10

Yeni Y=462.5, C=342.5, T=112.5 olur. Yeni gelir kimligi 342.5+60+60=462.5"tir. ilk
dogrudan 20 harcamaya, 30 tuketim artisi eklenir.

Policy B: AY=(—0.75/0.4)-8=-15; AC=-15; AT=[(1-0.75)/0.4]-8=5

Yeni Y=397.5, C=297.5, T=107.5 olur. y artik 28’dir; 28+0.2:397.5=107.5 kontrolunu
verir. Dogrudan vergi artisi 8 iken disen gelir 3 birim oransal vergi kaybi yaratir; net artis
5'tir.

iki politikanin gelir, tilketim ve vergi gelirine neden farkl etkiler yaptigini ingilizce acikla.
B’'de dogrudan +8 ile dolayli —3 etkisini ayir.

Return to the worked example

ME-08-S1 Question support

Uc seviyeyi birlikte bulduktan sonra vergi kuralini sabit tutarak kamu harcamasi sokunu
uygula.

Gelir artisi neden ilk kamu harcamasi artisindan blUyuik? Vergi politikasi degismemisken
toplam vergi neden artiyor?

Return to the problem
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ME-08-S2 Question support

Ayni 4 birimlik degisim iki farkli dissal buyuklikte uygulaniyor. isaret ve ilk turdaki
tuketim etkisini birlikte aciklayin.

Ayni buyuklUkte kamu harcamasi ve goturu vergi artisinin neden esit buyuklukte zit gelir
etkileri olmadigini acikla.

Return to the problem

ME-08-S3 Question support

Vergi orani 10 yluzde puan, yani 0.10 artiyor. Payda degistigi icin sonlu degisimi yeni
dengeyi hesaplayarak bul.

Oran artisinin yonunu, yUzde puan farkini ve tirev yaklasiminin neden tam olmadigini
ingilizce bir sinav yanitinda birlestir.

Return to the problem
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Hints Level 1 Choose the strategy

Use one hint, then go back and try. The second level gives a more specific intermediate move.
ME-08-S1

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlar ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-08-S2

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-08-S3

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2
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Hints Level 2 One useful next move
ME-08-S1

D=1-0.5(0.8)=0.6. Keep the tax rule, not total tax revenue, fixed.
Go degisince y ve 6 sabit kalir; T i¢sel oldugu icin degisir.

Return and complete your attempt

ME-08-S2
Go has coefficient +1 in N; y has coefficient —p.
Carpani isimden ezberlemek yerine Y* payindaki degiskenin katsayisini okuyun.

Return and complete your attempt

ME-08-S3

The numerator stays 120, but the new D is 0.65. At the old equilibrium
oY*/06=—-0.5%200/0.6.

A5=0.10 kullan; 10 yazma. Yaklasik ve tam cevabi ayni isim altinda sunma.

Return and complete your attempt
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Solutions and model interpretations
ME-08-W1 Model interpretation

Holding all other primitives fixed, a 20-unit increase in Go raises equilibrium income by
50, consumption by 30 and tax revenue by 10 monetary units. It enters aggregate
demand directly and induces further consumption. Separately, an 8-unit rise in lump-sum
taxes reduces disposable income and lowers income and consumption by 15 each. Tax
revenue rises by only 5 because the direct 8-unit increase is partly offset by a 3-unit loss
of proportional tax revenue as income falls. These are comparisons of equilibria, not
predictions of adjustment time.

Go artisi dogrudan talep enjeksiyonu oldugu icin isareti pozitiftir. y artisi 6nce harcanabilir
geliri azaltir, tUketim daralmasi geliri dusurur. T'nin tepkisi sadece y kadar degildir; gelir
de degistigi icin 8Y parcas! yeniden hesaplanir. ingilizce yanitta “holding all other
primitives fixed” ifadesi deneyin sinirini, “monetary units” ifadesi birimi ve “equilibrium”
ifadesi sonucun statik niteligini belirtir.

Check the explanation

0 Names Go and y as separate exogenous changes with other primitives fixed.
0 Reports AY, AC, AT in monetary units, not percentages.

1 Explains direct spending injection versus disposable-income contraction.

O Explains AT=8+0.2(—15)=5 in policy B.

ME-08-S1 Solution
D=0.6; N=60+50+20-0.5-20=120; Y*=120/0.6=200

Find income first.

Payda pozitif; pay da pozitif oldugu icin gelir ekonomik olarak pozitiftir.
C*=200-50—-20=130; T*=20+0.2-200=60; Y*-T*=140

Recover consumption, taxes and disposable income.

60+0.5-140=130 tiketim denklemini dogrular.
AY=12/0.6=20; AC=20-12=8; AT=0.2-20=4

Compute exact finite changes because B and & are unchanged.

Yeni gelir 220, tiketim 138, vergi 64 olur. 138+50+32=220 ve 20+0.2:220=64 kontrolleri saglanir.
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Model English interpretation

The 12-unit spending injection induces 8 additional units of consumption, so equilibrium
income rises by 20 monetary units, ceteris paribus. The tax rule is unchanged, but tax
revenue is endogenous: the extra income generates 6AY=0.2%x20=4 units of additional
taxes.

Turkce reasoning

“Vergi sabit” yerine “vergi kurali sabit” denmelidir. Go’'nun dogrudan 12 birim etkisine,
artan vergi sonrasi gelirin yarisinin tuketime donmesiyle 8 birim ek tuketim gelir. Vergi
orani degismese bile vergi matrahi Y yukseldigi icin T artar.

Check your explanation

[ Separates the initial government-spending injection from induced consumption.

1 Distinguishes fixed y,6 from endogenous T.

O Reports computed changes with monetary units and ceteris paribus.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole

solution.

Retry from the blank problem

ME-08-S2 Solution
D=1-0.8:0.75=0.4; 0Y*/0Go=1/0.4=2.5

The reported number is the government-expenditure multiplier.

Kamu harcamasi toplam talebe dogrudan +1 olarak girdiginden payin tirevi 1'dir.
aY*/ay=—0.8/0.4=—2

Lump-sum taxation first lowers consumption by B per tax unit.

Gotlra vergi carpani hem eksi isaretli hem harcama carpanindan mutlak degerce kigUktdr.
AGo=4 - AY=2.5-4=10; Ay=4 - AY=—2-4=—8

Treat the two changes as separate experiments.

iki soku birlikte uygulamiyoruz. Diger verilenler sabitken her biri kendi katsayisiyla carpilir.
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Model English interpretation

Government spending enters demand directly, whereas a lump-sum-tax increase reduces
disposable income and initially lowers consumption by only B=0.8 per tax unit. Therefore
the spending multiplier is 2.5 but the tax multiplier is —2. A separate 4-unit increase in
spending raises income by 10; a 4-unit tax increase lowers income by 8, holding the
remaining primitives fixed.

Turkce reasoning

Gelirin vergiyle azaltilan her birimi tamamen tuketilmeyecekti; B=0.8 kadar tuketilecekti.
Bu nedenle vergi artisinin ilk talep daraltici etkisi, ayni tutardaki dogrudan kamu
harcamasi etkisinden kucuk olur. Negatif isareti unutmak ekonomik mekanizmay: ters
cevirir.

Check your explanation

O Identifies which derivative is the government-expenditure multiplier.

O Explains why a tax unit reduces initial consumption by B rather than one.

1 Reports the two computed income changes as separate monetary-unit experiments.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-08-S3 Solution
Dnew=1-0.5(1-0.30)=0.65; Ynew=120/0.65=2400/13=184.6154

Recompute the denominator after the tax-rate change.

a,lo,Go, B,y sabit oldugundan N=120 kalir; yalnizca 6 paydada degisir.
Cnew=2400/13—-70=1490/13; Tnew=20+0.30-2400/13=980/13

Recover the other equilibrium outcomes.

T=75.3846 artarken Y ve C azalir. Yeni harcanabilir gelir (2400—-980)/13=1420/13"tur;
60+0.5-1420/13=1490/13 kontroltnl saglar.

Exact AY=2400/13—-200=-200/13=-15.3846

Compare the two equilibrium levels.

Bu sonuc yeni dengeyi dogrudan ¢céozmenin tam sonucudur; tirev yaklasimi degildir.
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(8Y*/88)old=—-0.5-200/0.6=—-500/3; AY=(—500/3)-0.10=—-50/3=—16.6667

Use the old derivative for a local approximation.

Turev 6=0.20 noktasindaki egimdir; 0.10 buyukligundeki sonlu degisim boyunca egim sabit kalmaz. Bu
ylzden yaklasik disus tam duststen biraz bayuktar.

Model English interpretation

A rise in 6 from 0.20 to 0.30 is a 10-percentage-point increase. It reduces the fraction of
additional income available for consumption, so equilibrium income falls, ceteris paribus.
The exact fall is 200/13=15.3846 monetary units. The old-equilibrium derivative predicts
an approximate fall of 50/3=16.6667; it is not exact because changing 6 also changes the
denominator and the slope along the equilibrium relation.

Turkce reasoning

0.20’den 0.30'a gecis 10 yuzde puandir; baslangic oranina gore yuzde artis ise %50'dir,
ikisi ayni kavram degildir. Carpanin sabit oldugu Go deneyinden farkl olarak & degisimi

D’yi degistirdigi icin baslangic egimi butun aralik icin kullanilamaz. Varsayimlar altinda

yon negatif kalir fakat buyuklik icin tam denge hesabi gerekir.

Check your explanation

[0 Explains the disposable-income and induced-consumption channel.

[ Distinguishes a percentage-point change from a percent change.

] Reports the computed exact change and explicitly labels the derivative estimate as an approximation.
[ Notes that 6 changes D and therefore the slope is not constant.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
Concept check answers

ME-08-C1 Answer B

C is the second unknown, so replace the second coefficient column by the full constants
vector.

Sira belirleyicidir. Y icin 1., Cicin 2., T icin 3. sttun degistirilir; sabitler vektérid batlin Gg satinyla
yerlestirilir.

If you chose differently: Read the unknown order before selecting a column.

Satir denklemi, sGtun bilinmeyeni temsil eder.

ME-08-C2 Answer B

Government spending enters the income numerator with coefficient one.
—B/D gotlrd verginin carpanidir; & vergi oranidir. Tirevde paydanin sabit kalip kalmadigini kontrol etmek
gerexkir.
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If you chose differently: Identify which primitive changes and how it enters N.
Go, N=a+lo+Go—py ifadesinde +1 katsayisiyla yer alir.

ME-08-C3 Answer B

Higher proportional taxation reduces disposable-income-induced consumption and

equilibrium income.

Parametre olmak etkisiz olmak demek degildir. 6 artinca D artar, N sabit kalir; pozitif N/D bu nedenle
kdgulur. Vergi gelirinin tepkisi ayri bir sorudur.

If you chose differently: Differentiate D=1—-p+p8, not just the numerator.

D’nin 8’ya gore tlrevi +B’dir; bir sabit payi artan pozitif paydaya bdélersen sonug kacualar.

ME-08-C4 Answer B

The multiplier is a level change per monetary unit, not a percentage or adjustment time.
Birimlere dikkat: 0Y/aG, parasal gelir birimi / parasal kamu harcamasi birimidir. Baslangi¢ gelirine
bélmeden ylzde sonucu sdylenemez; zaman denklemi verilmeden sure de bulunamaz.

If you chose differently: Check the units of Y and Go.

Tarev orani hangi iki bUyUkIGigun degisimini karsilastiriyor?
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Reflection and a second attempt

For each skill, mark: not yet / with help / alone. “Alone” means you can demonstrate it with the
explanation closed.

1 Not yet [0 With help [J Alone
| can replace the correct Cramer column and keep the original determinant as
denominator.

1 Not yet [0 With help [J Alone
| can derive all three equilibrium outcomes and verify the original equations.

1 Not yet [0 With help [J Alone
| can distinguish government-spending, lump-sum-tax and tax-rate effects.

1 Not yet [0 With help [J Alone
| can complete and interpret all 18 comparative-static derivatives.

1 Not yet [0 With help [J Alone
| can state conditions, units and ceteris paribus in an English exam answer.

Sonucu sadece hesaplamakla kalmiyorum: hangi dissal dedisikligin hangi mekanizmayla etki yaptigini,
isaretin hangi varsayima bagh oldugunu ve sonlu dedisimin tam mi yaklasik mi oldugunu
aciklayabiliyorum.

The first step | could not explain, and the check | will use next time

Next attempt: problem ID and date

Progress is manual. Keep the first attempt visible; use a new page or a different pen colour for the retry.

Source scope

Visually verified pp43-46 at high resolution. All source replacement determinants, symbol definitions,
assumptions, exact numerical example, requested Y/C/T spending effects, 18-derivative exercise and
bottom-of-p46 market bridge are included. Checked corrections: p43 Y1 cofactor must use cz; p45 tax rule
is T=y+0Y and unknown is T, with exact fractions replacing premature rounding; p46 1/D is the
government-spending multiplier, not the lump-sum-tax multiplier; market Q* denominator is b+d as
confirmed p47. Original W1/S1-S3 are independent of the source numbers.
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ME-09 Review & Worked Practice

Source PDF pages 46 (market bridge), 47-49; 50 checked overflow

Combine equilibrium algebra, comparative statics, exact arithmetic and matrix
verification, then write clear English economic interpretations supported by the model.

Foundations | Derivations | Source examples | Worked example | Independent practice | Turk¢e support |
Hint levels 1 and 2 | Solutions and English interpretations | Reflection and retry

Before you start

What do | already understand, and which step do | need to explain?

Do not mark a skill “alone” just because a solution looks familiar. A useful attempt includes the model, the
operations, the check and the interpretation.

Foundations
Review is reconstruction, not formula hunting

The final notes combine market comparative statics, a two-commodity equilibrium solved
two ways, shifted matrix inverses, and multiplication-order checks. Each task starts by
identifying the object and its assumptions.

Turkce explanation

Single-market notation and domains

Demand is QP=a—bP and supply is Qs=—c+dP, with a,b,c,d>0. P is price and Q is quantity
per period. At equilibrium QP=Qs=Q*.

P*=(a+c)/(b+d); Q*=(ad—bc)/(b+d)

Symbol English meaning Turkge karsiligi
P Price Fiyat
Q°,Qs Demanded and supplied quantity Talep edilen ve arz edilen miktar
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Symbol English meaning Turkge karsiligi

a Demand intercept Talep kesisimi

b Magnitude of demand slope Talebin egim buayUkligu

C Magnitude of negative supply intercept Negatif arz kesisiminin blyGkligu
d Supply slope Arz egimi

Turkce explanation

Two commodities: two clearing conditions

With two commodities, each demand equation may depend on both prices. Both markets
must clear simultaneously. A positive cross-price coefficient indicates a positive
cross-price demand relation within this model.

Q:°=Q:1° and Q2P=Q>s

Tlrkce explanation

A shifted matrix is a new matrix

In (A—21)C=l, first form A—2Il. The unknown C is the inverse of that shifted matrix if it
exists. Invertibility of A alone does not answer whether A—-2I is invertible.

(A=21)C=I = C=(A-2I)71, if det(A-2I)=0

Tlrkce explanation

Associativity is not commutativity

C(BA)=(CB)A changes the brackets but preserves the factor order C,B,A. Dimensions can
help choose the cheaper grouping and reject invalid reorderings.

(1x3)(3%x2)(2%x4) - 1x4

Turkce explanation

Demand-intercept increase: both price and quantity rise

Raising a shifts demand upward at every price. With supply unchanged, the new
intersection has higher P* and Q*. The source plots P horizontally and Q vertically.
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Q

arises S

Turkce explanation

Supply-intercept magnitude increase: price rises, quantity falls

Because supply is —c+dP, increasing c lowers supply at every fixed price. In the source’s

P-horizontal diagram it shifts the supply line down/right; this is a contraction, not a supply
expansion.
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Q

c rises So

Turkce explanation

Do not round a price before calculating quantity

The source prices 3.35 and 3.47 are rounded displays of 57/17 and 59/17. Substituting
the rounded values gives slightly distorted quantities.

P1*=57/17; P2*=59/17; Q1*=194/17; Q2*=143/17

Turkce explanation
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An identity target gives a strong impossibility test

If a candidate matrix has a zero first row, every product with it on the left also has a zero
first row. It cannot equal I, whose first row is honzero.

0O O u Vv 0 0
= # |
3 0 w  z 3u 3v

Turkce explanation

Pause and test your understanding

ME-09-C1

In Q=—c+dP, what happens at a fixed price when c increases?
A. Quantity supplied increases.

B. Quantity supplied decreases.

C. Only the demand curve changes.

My choice and the reason, before checking

Turkce question support | Check later

ME-09-C2

A=2x4, B=3x2 and C=1x3. Which statement is correct?
A. AB is defined and is 2x2.

B. C(BA) and (CB)A are both defined and are 1x4.

C. CBA is undefined because three matrices cannot be multiplied.

My choice and the reason, before checking

Turkce question support | Check later
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ME-09-C3

Why can det(A)#0 be insufficient for solving (A-2I)C=I1?
A. The determinant of A—2I, not A, must be nonzero.

B. Identity matrices cannot be subtracted.

C. A-2l always has determinant zero.

My choice and the reason, before checking

Turkge question support | Check later

ME-09-C4

A derivative oaP*/oa is positive. What can you conclude?
A. A higher a raises equilibrium price with b,c,d held fixed.

B. Price must rise over time even if all parameters stay fixed.

C. Every increase in any parameter raises both price and quantity.

My choice and the reason, before checking

Turkce question support | Check later

Derivations with reasons

All eight single-market comparative-static derivatives

The source derives the a and c effects; its preceding page asks for the eight derivatives.

We complete b and d as well. Let S=b+d>0, R=ad—-bc, so P*=(a+c)/S and Q*=R/S.

Source PDF pages 46-47
doP*/oa=[1-S—(a+c)-0]/S?=1/S>0

Changing a leaves the denominator unchanged.
0Q*/oa=[d-S—R-0]/S?=d/S>0

The derivative of ad—bc with respect to a is d.
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0P*/oc=1/S5>0; aQ*/ac=[(—b)S—R-0]/S?=—-b/S<0

A larger c reduces supply at every price.
dP*/oab=[0-S—(a+c)-1]/S?=—(a+c)/S?*<0

A change in b alters the denominator.
0Q*/ab=[(—c)S—R]/S?=[—-cb—cd—ad+bc]/S?=—-d(a+c)/52<0
Expand the numerator to cancel —cb+bc.
oP*/od=—(a+c)/S5?<0

The denominator grows one-for-one with d.
0Q*/ad=[aS—R]/S?=[ab+ad—ad+bc]/S?=b(a+c)/S?>0
Cancel ad terms and factor b.
aT:PT,QT;bT:PL,Ql;ct:PT,QL;dT:PL,QT

Summarize directions while keeping the underlying mechanisms distinct.

Detailed Turkish reasoning
An English interpretation answer has four parts

State the change, the ceteris-paribus condition, the result with units, and the mechanism.
Cause: “An increase in a, holding b,c,d fixed, ...”
Identify the exogenous experiment.

Result: “... raises equilibrium price by 1/(b+d) per unit of a and quantity by
d/(b+d).”

Translate derivative magnitudes into marginal effects.

Mechanism: “Demand is higher at each price, so movement along the unchanged
upward-sloping supply curve raises both price and quantity.”

Connect the formulas to the economic curves.

Limits: “The comparison is static and assumes an economically admissible
equilibrium.”
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Avoid unsupported claims about adjustment speed, welfare or universal causality.

Detailed Turkish reasoning

Source examples and checked readings

These examples retain the source numbers and mathematical content. The explanations are newly
written. Any checked correction is placed next to the affected calculation.

Source example: market comparative statics and both diagrams - p47

Exact source model: QP=a—bP, Qs=—c+dP, a,b,c,d>0. Find the effects of a and c on
equilibrium price and quantity.

Source PDF pages 47
a—bP=—-c+dP - P*=(a+c)/(b+d); Q*=(ad—bc)/(b+d)

Reconstruct the reduced forms before differentiating.
oP*/9a=1/(b+d)>0; 0Q*/oa=d/(b+d)>0

The demand-intercept increase raises both equilibrium outcomes.
oP*/ac=1/(b+d)>0; 0Q*/oac=—b/(b+d)<0

The supply-intercept magnitude increase raises price and lowers quantity.
At fixed P: AQP=Aa; AQs=—-Ac

Use the structural equations to explain the shifts.
Source reading note - PDF 47

In the notes: The supply c-increase note uses “rightward shift”.

Checked form: With P horizontal/Q vertical, cT shifts supply down/right and reduces quantity at fixed P.

In standard Q-horizontal/P-vertical axes it is an up/left shift.
The economic conclusion is P*1,Q*!, a supply contraction. Direction words must be read with the axes.

TUrkce source-example reasoning

Source example: exact two-commodity equilibrium by Cramer -
pp47-48

Exact source prompt: “Find the equilibrium prices and quantities simultaneously.”
Q1P=18—-3P1+P2, Qi15=—2+4+4P1; Q2P=12+P1—2P2, Q25=—2+3P>.

Source PDF pages 47-48
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18—3P1+P2=—2+4P1 -» 20=7P1—P2
Clear commodity 1.
124+P1—2P2=—2+4+3P2 » 14=—P1+5P2

Clear commodity 2.

7 -1 P1 20
A= ;A = ; det(A)=35-1=34=0
-1 5 P2 14

Form the simultaneous system and establish uniqueness.

20
det(A:)=det 4 s =20-5—(—1)-14=114; P1*=114/34=57/17

Replace the first column to find Pa.

7 20
det(Az)=det L =7-14-20(-1)=118; P:*=118/34=59/17

Replace the second column to find P2.
Q1*=—2+4+4(57/17)=—34/17+228/17=194/17=11.411765
Use the source supply equation for commodity 1.
Q2*=—2+4+3(59/17)=—-34/17+177/17=143/17=8.411765
Use the source supply equation for commodity 2.
Q1°=18-3(57/17)+59/17=(306—171+59)/17=194/17
Check commodity 1 demand equals its supply.
Q2P=12+57/17-2(59/17)=(204+57-118)/17=143/17

Check commodity 2 demand equals its supply.
Source reading note - PDF 47-48
In the notes: Rounded prices 3.35,3.47 are used to obtain quantities 11.4,8.41.

Checked form: Exact prices:57/17,59/17. Exact quantities:194/17,143/17.

The source decimals are approximations; keep exact values through the substitution step.

TUrkce source-example reasoning
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Source example: the second method uses A-* - p48

Solve the same two-commodity system by matrix inversion, not a separate economic
model.

Source PDF pages 48
. 5 1
adj(A)= L ; A~t=(1/34)

Swap the diagonal entries 7,5 and negate the off-diagonal —1 entries.

P1* 5 1 20 114
=(1/34) =(1/34)
P2* 1 7 14 118

Take both row-column products.
P1*=57/17; P2*=59/17

The inverse and Cramer methods agree exactly.

Source reading note - PDF 48

In the notes: One intermediate line equates the price vector to an adjugate matrix.
Checked form: The complete relation is p=A-*d=(adj(A)/34)d.

A 2x1 vector cannot equal a 2x2 adjugate; the denominator and constant vector belong to the full
multiplication.

Tlrkce source-example reasoning
Source example: shifted inverse exists for A but not for B - p48

Exact source prompt: “Consider three matrices” A=[[2,2],[1,5]], B=[[2,0],[3,21],
I=[[1,0],[0,1]]. (@) Find a matrix C satisfying (A—21)C=I. (b) Is there a matrix D satisfying
(B=21)D=I1?

Source PDF pages 48

Subtract 2 only from the two diagonal entries.
det(A-21)=0-3-2-1=-2=0

A negative nonzero determinant still permits inversion.
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3 -2 =3/2 1
C=(A-21)"1=(1/-2) =
-1 0 1/2 0
Apply the 2x2 inverse formula.
0 2 -3/2 1 _ 1 O
1 3 1/2 0 0 1

Verify the required identity directly.
0 O

B-2l= - = ; det(B—21)=0
3 0

The shifted B matrix is singular.

u Vv 0 0
For any D= , (B=21)D= #|

A4 3u 3v

No matrix D can satisfy the requested relation.

TUrkce source-example reasoning
Source example: solve the shifted inverse by entry comparison - p49

The note calls this a longer alternative method. It verifies the same C without using the
inverse shortcut.

Source PDF pages 49

a b
Let C= : =]|
c d 1 3 c d

Introduce four unknown entries.

2C 2d 1 0
a+3c b+3d 0 1

Multiply row by column and equate corresponding entries.
2c=1 - c=1/2; 2d=0 -» d=0

Use the first row first.
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a+3c=0 - a+3/2=0 » a=-3/2; b+3d=1 - b=1

Substitute the first-row results into the second row.

Tirkge source-example reasoning

Source example: conformability and both groupings of CBA - p49

Exact source matrices: A=][[1,3,2,11,[4,0,1,01], B=[[1,0],[0,3],[—4,—-2]], C=[-2,1,0].
Determine CBA using C(BA)=(CB)A.

Source PDF pages 49
A:2x4; B:3x2; C:1x3. BA:3x4; CB:1x2; CBA:1x4

Check the inner dimensions before computing entries.

1 0
CB=[—210] 0 3 =[—2 3]
-4 -2

Compute the smaller intermediate product first.

1 3 2 1
(CB)A=[—2 3] =[1o -6 -1 —2]
4 0 1 O

Multiply the 1x2 row vector by the 2x4 matrix.

BA= 12 0 3 0

For the alternative grouping, each B row weights the two rows of A.
C(BA)=-2[1,3,2,1]+[12,0,3,0]+0[-12,-12,-10,—-4]=[10,—-6,—1,—-2]

Both groupings agree while preserving the factor order.

Turkce source-example reasoning
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Source page 50: overflow check, no new lesson

Page 50 is graph paper with a thin clipped edge of the duplicated p49 photograph at the
top. No new readable mathematical note, equation, example or assumption appears.

Source PDF pages 50

Coverage result: p49 duplicated photograph = p50 clipped overflow; no new
readable content.

Record the page rather than silently dropping it.

Turkce source-example reasoning

Worked example

ME-09-W1 Two markets and a demand shift

Let Qi1P=20—-2P1+P2, Q15=—4+3P1, Q2°=12+P1—P2, and Q25=-2+2P2. Find both
equilibrium prices and quantities. Then raise only the first demand intercept from 20 to
27. Find the exact changes in both prices and both quantities, and explain why market 2
is affected although its own demand intercept did not change.

Turkce question | Interpretation answer after trying

Before reading the steps: choose a method and say why it applies

20—2P1+P2=—4+3P1 -» 5P1—P2=24; 12+P1—P2=—-2+2P2 -» —P1+3P2=14

Build the two equilibrium equations.

5 -1
A= L s ; D=15-1=14; A-1=(1/14)

Find the nonsingular coefficient matrix.

Pause. Predict the next operation and justify it before reading on.

P1*=(3-24+14)/14=43/7; P2*=(24+5-14)/14=47]7

Solve both prices simultaneously.
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Qu*=—4+3-43/7=101/7; Q:*=—2+2-47/7=80/7

Recover both quantities using supply.

7 3 1 7 3/2
Ad= ; Ap=A-1Ad=(1/14) =
0 1 5 0 1/2

Only the first equilibrium constant changes.
AQ1=3AP1=9/2; AQ2=2AP2=1
Supply curves remain unchanged, so quantity changes follow their price slopes.

Interpret before reading the model answer

Explain the cross-market mechanism in English. State what is held fixed, interpret the
signs of all four changes, and explain why the results are exact rather than derivative
approximations.

Say your interpretation aloud; note the main result and one reason
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Independent practice

Attempt each problem before the hints. The next page of each problem is for
interpretation and checking. Do not use the solution as a copying exercise.

ME-09-S1 Rebuild a market and interpret two intercepts

For Q°=30—-2P and Qs=—-6+P, find P* and Q*. In two separate experiments, (A) raise a
from 30 to 36; (B) raise c from 6 to 9. Compute the new equilibrium in each case and
explain the directions of price and quantity changes.

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-09-S1 Interpretation and verification

Write two English sentences contrasting a demand expansion with the supply contraction
created by a larger c. Refer to fixed-price quantities rather than relying on the phrase
“rightward shift”.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-09-S2 Matrix diagnosis: the shifted object matters

Let A=[[3,1],[2,4]] and B=[[2,1],[0,2]]. Find C satisfying (A—2I)C=I if it exists. Determine
whether any D satisfies (B—21)D=I. Explain your conclusions using determinants or row
structure, and do not infer an economic meaning for the matrices unless one is supplied.

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-09-S2 Interpretation and verification

Explain why invertibility of the original A and B does not answer the requested equations.
State why a numerical matrix result alone is not yet an economic interpretation.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-09-S3 A unique mathematical equilibrium may be infeasible

Suppose Q°P=8—4P and Qs=—10+2P. Compute the algebraic equilibrium. Is it
economically admissible if traded quantity must be nonnegative? Find the smallest value
of a that gives Q*=0 when b=4,c=10,d=2 remain fixed. Explain why positive a,b,c,d do
not guarantee a positive equilibrium quantity.

Turkge prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-09-S3 Interpretation and verification

Write an English exam answer distinguishing existence/uniqueness of the algebraic
intersection from economic feasibility. State the strict condition for positive trade and the

weak condition for nonnegative trade.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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Turkce support

Bu bolum dili ve gerekceyi anlamak icindir. Aciklamayi! aynen kopyalama; okuduktan
sonra kendi ¢é6ziimiine don. ingilizce soru sayfalarinda yanitlari gérmeden deneme
yapabilirsin.

Review is reconstruction, not formula hunting

Bir soruda P bir fiyat, baska bir soruda A soyut bir matris olabilir. Ayni harfleri
gordiigimiz icin ayni anlami yiklemeyiz. Once degiskenleri, boyutlari, esitlikleri ve neyin
verildigini tanimlanz. Sonra uygun yéntemi secer, en sonda sonucu baslangi¢ kosullarina
yerlestirerek kontrol ederiz. Kaynaktaki tamamlanmis ve yarim kalmis ¢6zum adimlarini
asagida ayri ayri yeniden kuruyoruz.

Back to English
Single-market notation and domains

a talebin miktar ekseni kesisimi, —c arzin miktar ekseni kesisimidir. b>0 talep egrisinin
mutlak egim buyukligu; d>0 arz egimidir. b ve d, miktar/fiyat birimindedir; a,c miktar
birimindedir. Pozitif fiyati a+c¢>0 saglar; pozitif islem miktari icin ayrica ad>bc gerekir.
Talep ve arzin negatif miktar verdigi uzantilari ekonomik olarak gercek satis miktari
sanmayin.

P*=(a+c)/(b+d); Q*=(ad—bc)/(b+d)
Back to English
Two commodities: two clearing conditions

Q1P icinde P2 bulunuyorsa ikinci malin fiyati birinci mala talebi etkiler. Kaynakta bu katsayi
pozitiftir; diger her sey sabitken P2 artisi Q1P’yi artirir. Bu, model icindeki ikame yonlU
capraz fiyat iliskisine isaret eder. Ancak iki denge fiyatini bulurken P2’yi sabit bir sayi gibi
secemeyiz; iki denklemi birlikte ¢c6zmek zorundayiz.

Q:1°=Q:1° and Q2P=Qz®
Back to English
A shifted matrix is a new matrix

21, yalnizca kosegende 2 bulunan matristir. A—2Il yaparken A’'nin her elemanindan 2
clkarmayiz; sadece kosegen elemanlar iki azalir. Sonra yeni matrisin determinantini
hesaplariz. B matrisi terslenebilir olsa bile B—2I tekil olabilir; kaynak bunun acik érnegini
verir.

(A=21)C=I = C=(A-2I)"1, if det(A-21)=0

Back to English
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Associativity is not commutativity

Birlesme 6zelligi parantezi degistirir; carpanlarin yerini degistirmez. Kaynakta C 1x3, B
3%x2, A 2x4 oldugundan hem C(BA) hem (CB)A tanimlidir ve 1x4 sonug verir. Buna
karsilik 6rnegin AB, (2x4)(3x2) oldugundan tanimsizdir. Boyut kontrolU sayilari carpmaya
baslamadan yapilimalidir.

(1x3)(3%x2)(2%x4) » 1x4
Back to English
Demand-intercept increase: both price and quantity rise

a artisi her fiyat dizeyinde talep miktarini artirir: AQP=Aa. Pozitif egimli arz Gzerinde daha
yuksek miktar icin daha yuksek fiyat gerekir. Dolayisiyla hem denge fiyati hem miktari
artar. Sekilde kesik cizgi yeni talep egrisidir; Eo’dan Ei’e hareket yukari ve sagadir. Bu
gorsel kaynak seklinin eksen dlzenini koruyan 6zgin sematik yeniden cizimdir; kaynakta
olmayan sayisal veri olarak okunmamalidir.
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Q

arises S

Back to English
Supply-intercept magnitude increase: price rises, quantity falls

c’'nin onunde eksi vardir. ¢ artinca Q° ayni P’'de duser; arz azalmistir. Kaynak sekli P'yi
yatay, Q'yu dikey cizer ve bu ylUzden cizgi “saga” kayiyor gibi tarif edilir. Geleneksel
Q-yatay/P-dikey eksenlerde ayni olay arzin yukari/sola kaymasidir. Eksenlere bakmadan
“saga kaydiysa arz artt1” sonucunu cikarmayin. Her iki gésterimde yeni dengede PT, Q!
olur.
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Q

c rises So

Back to English
Do not round a price before calculating quantity

P1=57/17 ve P2=59/17 tam sonuclardir. Once 3.35 ve 3.47'ye yuvarlayip miktar hesabi
yaparsak kaynakta gorulen 11.4 ve 8.41 cikar; tam cevaplar 194/17 ve 143/17’dir. Bu bir
yontem farki degil, yuvarlama etkisidir. Sinavda mumkunse kesirleri koruyun; en son
istenen basamak sayisina yuvarlayin.

P1*=57/17; P2*=59/17; Q1*=194/17; Q2*=143/17

Back to English
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An identity target gives a strong impossibility test

B—21=[[0,0],[3,0]] matrisinin ilk satir sifirdir. Herhangi bir D ile carpinca ilk satir yine
[0,0] olur. I'nin ilk satiri [1,0] oldugundan (B—2I)D=I imkansizdir. Bu aciklama
determinantin sifir oldugunu séylemekten daha gorunir bir neden sunar.

0O O u v 0 0
= # |
3 0 W Z 3u 3v

Back to English
ME-09-C1 Question support

c’'nin 6nundeki eksi isaretini dikkate al.

Return to foundations

ME-09-C2 Question support

ic boyutlari ve carpan sirasini birlikte kontrol et.

Return to foundations

ME-09-C3 Question support
Tersi alinacak nesneyi dikkatle sec.
Return to foundations

ME-09-C4 Question support
TUrevin ceteris paribus anlamini sec.

Return to foundations

All eight single-market comparative-static derivatives

P* ve Q* olmak Uzere iki ciktl, a,b,c,d olmak Uzere dort parametre vardir: toplam sekiz
tlrev. Bolium kuralinda hem payin hem paydanin degisip degismedigini kontrol ederiz.

Source PDF pages 46-47

oP*/0a=[1-S—(a+c)-0]/S2=1/S>0

a artisi talep egrisini kaydirir. Pozitif 1/S, diger parametreler sabitken denge fiyatinin

yUkseldigini soyler.

8Q*/9a=[d-S—R-0]/S?=d/S>0

d>0 ve S>0 oldugundan miktar da artar. Fiyat ve miktarin ayni yonde artmasi talep

kaymasi mekanizmasiyla uyumludur.
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0P*/oc=1/S5>0; aQ*/ac=[(—b)S—R-0]/S?=—-b/S<0

Fiyat yukselirken miktar diser. Kaynakta c degisimi icin hem cebir hem grafik bu yonu
verir; eksen yonune baglh “saga kayma” ifadesini arz artisiyla karistirmayin.

oP*/oab=[0-S—(a+c)-1]/S?=—(a+c)/S?<0

a,c sabitken daha buyuk b, her pozitif fiyatta talebi azaltir. Fiyat formulinun payi sabit,
paydasi buyuktdr; denge fiyati duser.

0Q*/ab=[(—c)S—R]/S?=[—cb—cd—ad+bc]/S?=—-d(a+c)/S?*<0

—cd—ad=-d(c+a) ortak carpanina donusur. Miktar etkisinin isaretini gérmek icin bu
sadelestirme yararhdir.

oP*/ad=—(a+c)/S?<0

d artinca arz egrisi Q-P dlzleminde daha dik olur ve her pozitif P’"de daha fazla arz vardir;
digerleri sabitken fiyat duser.

0Q*/od=[aS—R]/S?=[ab+ad—ad+bc]/S?=b(a+c)/S?>0

ab+bc=Db(a+c) pozitiftir. Boylece d artisi fiyati dusurap miktari artirir. Bu yorumu
a,b,c,d>0 ve ekonomik denge alani icinde yapariz.

at:PT,QT;bT:PL,Ql;cT:PT,QlL;dT:PL,QT

a ve c kesisim parametreleridir; b ve d egim parametreleridir. “Her parametre artisi ayni
tur kaymadir” diye disinmek yanlistir. TUm sonuclar diger parametreler sabitken
gecerlidir.

Back to English
An English interpretation answer has four parts

ingilizce sinav yanitinda yalnizca “positive” yazmak yerine neden-sonu¢ ciimlesi kurmak
gerekir.

Cause: “An increase in a, holding b,c,d fixed, ...”

Hangi degiskenin degistigini ve hangilerinin sabit oldugunu yazmak, tlrevin hangi soruyu
yanitladigini netlestirir.

Result: “... raises equilibrium price by 1/(b+d) per unit of a and quantity by
d/(b+d).”
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Tlrev bir oran ise birimini belirtin: fiyat birimi / talep kesisimindeki miktar birimi.
Hesaplanan seviye P* ile degisim AP’yi karistirmayin.

Mechanism: “Demand is higher at each price, so movement along the unchanged
upward-sloping supply curve raises both price and quantity.”

Bu cimle fiyatin neden arttigini ve miktarin neden ayni yénde degistigini aciklar; salt
formal tekrarindan daha gucladar.

Limits: “The comparison is static and assumes an economically admissible
equilibrium.”

Verilen modelde refah, gelir dagilimi veya zaman uyarlamasi denklemi yoksa bunlar
hakkinda kesin sonug¢ yazmayin. Q* pozitifligi gibi alan kosullarini gerekirse ekleyin.
Back to English

Source example: market comparative statics and both diagrams - p47

Kaynadin Ust iki fotografi ve alt soldaki devam notu ayni piyasa modelinin karsilastirmali
statik yorumunu icerir.

Source PDF pages 47
a—bP=—c+dP - P*=(a+c)/(b+d); Q*=(ad—bc)/(b+d)

Esitlikte fiyatlari ayni tarafa, sabitleri diger tarafa tasiriz. Sonra P*'yi talep veya arza
koyarak Q* elde ederiz.

dP*/oa=1/(b+d)>0; 0Q*/oa=d/(b+d)>0

Kaynak diyagraminda talep cizgisi Do’dan Di’e kayar. P yatay ve Q dikey oldugu icin yeni
denge eskiye gore sagda ve yukaridadir.

doP*/oc=1/(b+d)>0; aQ*/oc=—Db/(b+d)<0

Kaynak diyagraminda arz cizgisi daha dlsUk Q dedgerleri verecek bicimde asagi/saga
kayar. Bu bir arz daralmasidir; piyasa daha yuksek fiyat ve daha dusuk miktarda
temizlenir.

At fixed P: AQP=Aa; AQs=—-Ac

Talep artisini veya arz azalisini tek basina grafigin gérinisinden degil, denklemin ayni
fiyattaki miktar degisiminden tanimlariz. Bu, eksen farklihgindan dogan dil karisikligini
cozer.

Kaynak okuma notu - PDF 47
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Denklemde —c oldugu igin c artisi arzi azaltir. Kaynagin farkli eksen diizeni nedeniyle “saga” s6zcugu arz
artisi olarak yorumlanmamalidir.

Back to English

Source example: exact two-commodity equilibrium by Cramer -
pp47-48

Kaynakta fiyatlar once Cramer kuraliyla, ardindan ters matrisle bulunur. Her iki yontem
ve iki miktar da asagida tam kesirlerle tamamlanir.

Source PDF pages 47-48
18—3P1+P2=—2+4P1 » 20=7P1—P-

Sabit —2 sola +2 gecer; —3P1 saga +3P1 gecer; P2 sol bicimde —P2 olarak yazilir. Elde
edilen katsayi satiri [7,—1]'dir.

12+P1—2P2=—2+4+3P2 » 14=—P1+5P2

12+2=14 ve 3P2+2P>=5P2. P1 diger tarafa gecince —P1 olur; satir [—-1,5]'tir.

7 -1 P1 20
A= H ; det(A)=35-1=34=0
-1 5 P2 14

iki fiyat ayni anda bilinmeyendir. Capraz carpim (—1)(—1)=+1 oldugundan determinant
35-1'dir; 35+1 degildir.

20
det(A1)=det s =20-5—(-1)-14=114; P:*=114/34=57/17

Payin 100+14=114 olmasi isaretlerin dogru uygulandigini gosterir. P1=3.352941; miktar

hesaplamadan once bunu yuvarlamiyoruz.

7 20
det(Az2)=det L 14 =7-14-20(-1)=118; P2*=118/34=59/17

Pay 98+20=118 olur. P2=3.470588; yine tam kesri koruyoruz.
Q1¥*=—2+4+4(57/17)=—-34/17+228/17=194/17=11.411765

Kaynagin 3.35 yuvarlanmis fiyati kullanildiginda 11.4 sonucu olusur. Tam fiyatla
hesaplanan dogru denge miktari 194/17 dir.
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Qx*=-2+43(59/17)=-34/17+177/17=143/17=8.411765
Kaynakta 3.47 ile hesaplanan 8.41 yaklasik degeri bulunur; tam sonuc¢ 143/17'dir.
Qi1°=18-3(57/17)+59/17=(306—171+59)/17=194/17

Sadece arzi kullanip durmayiz; talepte P2'nin etkisini de ekledigimizde ayni miktar
gelmelidir.

Q2P=12+57/17-2(59/17)

(204+57-118)/17=143/17

iki denge kosulu da tam saglanir. Fiyatlar ve miktarlar pozitif oldugundan ¢6zim bu
ornekte ekonomik olarak kabul edilebilirdir.

Kaynak okuma notu - PDF 47-48

Ara adimda yuvarlama miktarlara klcUk fark tasir. Kesirler korunursa iki piyasada talep ve arz tam esit
cikar.

Back to English
Source example: the second method uses A-* - p48

Kaynak sayfanin Ust solu ve ust sagi Cramer sonucunu ters matrisle tekrar dogrular.

Source PDF pages 48
. 5 1
adj(A)= " A-1=(1/34)

Kofaktor transpozunun disinda ortak 1/34 carpani bulunur. Kaynaktaki bir ara satirda
vektor adj(A)’ya esitmis gibi kisaltilmistir; tam islem A-*d olmalidir.

P.*

5 1 20
=(1/34) =(1/34)
p2* 1 7 14 118

ilk satir 5:20+1-14=114; ikinci satir 1-.20+7:14=118 verir. Bélmeden dnce sag taraf
vektoruyle carpma atlanamaz.

P1*=57/17; P2*=59/17

iki ydntem farkli gériinen ama ayni sistemi ¢6zen cebir yollaridir. Birbirleriyle uyusmalari

guven verir; asil ekonomik dogrulama yine Q°=Qs kosullandir.

Kaynak okuma notu - PDF 48
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Boyutlar da hatayi gosterir: fiyat vektorl 2x1, adj(A) 2x2'dir. Dogru ifade ortak payda ve sag taraf
vektorluyle birlikte yazilmalidir.

Back to English
Source example: shifted inverse exists for A but not for B - p48

Matris harfleri bu alistirmada 6nceki ekonomi modelinden bagimsiz yeniden tanimlanir.
Buradaki C tiketim degil bilinmeyen 2x2 matristir.

Source PDF pages 48

1 5 0o 2 1 3

21'nin késegen disi elemanlari sifirdir; bu nedenle A’'nin 2 ve 1 capraz elemanlari
degismez.

det(A-21)=0-3-2-1=-2=0

Kaynaktaki |A| etiketi burada aslinda A—21'nin determinantini anlatir. Yeni matrisin tersini
aradigimiz icin kontrol bu yeni matrise aittir.

3 -2 -3/2 1
C=(A-21)"=(1/-2) _
-1 0 1/2 0

3/(=2)=-3/2, (-2)/(-2)=1, (—=1)/(=2)=1/2 ve 0/(—2)=0. Payda butun elemanlara
uygulanir.

0 2 =-3/2 1 1 0
1 3 172 O 0 1

Sol Gst 0-(—3/2)+2+(1/2)=1; sa§ ust 0; sol alt —3/2+3/2=0; sag alt 1+0=1. istenen

denklem saglanir.

0 O
B-2I= - = ; det(B—21)=0
3 2 0 2 3 0

B'nin kendi determinanti 4 olmasina ragmen B—2I'nin determinanti sifirdir. B'nin
terslenebilirligi bu soruyu ¢c6zmez.

For any D= Y|, (B=21)D= £

w  z 3u 3v
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lIk satir her zaman sifir oldugu icin [1,0] olamaz. Bdylece yalnizca ters yok demekle
kalmadik; istenen denklemin dogrudan neden imkansiz oldugunu gosterdik.

Back to English
Source example: solve the shifted inverse by entry comparison - p49

Bu yontem ayri bir yeni cevap degil; 6nceki matris tersini eleman esitligiyle yeniden
bulur.

Source PDF pages 49

a b
Let C= : =]|
c d 1 3 c d

Buradaki a,b,c,d soyut matris elemanlaridir; piyasa modelindeki parametrelerle ayni
nesneler degildir.

2C 2d 1 O
a+3c b+3d 0O 1

Iki matris esitse ayni konumdaki dért elemanin esit olmasi gerekir. Bu bize dért skaler
denklem verir.

2c=1 - c=1/2; 2d=0 -» d=0
2 sifir olmadigi icin her iki denklemi 2’ye bdlebiliriz.
a+3c=0 - a+3/2=0 - a=-3/2; b+3d=1 - b=1

c ve d bulununca a,b denklemleri tek bilinmeyenli olur. C=[[-3/2,1],[1/2,0]] 6nceki
sonucla aynidir.

Back to English

Source example: conformability and both groupings of CBA - p49

Kaynak iki ayni fotografla boyutlari vurgular; burada sayisal carpimi da her iki
gruplamayla tamamliyoruz.

Source PDF pages 49

A:2x4; B:3x2; C:1x3. BA:3x4; CB:1x2; CBA:1x4

BA'da icteki 2’'ler, CB’de icteki 3’ler eslesir. C(BA) icin (1x3)(3x4), (CB)A icin (1x2)(2x4)
elde edilir; ikisinin sonug boyutu 1x4'tur.
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1 0
CB=[—210] 0o 3 =[—2 3]
—4 -2

iIk eleman —2:1+1-04+0-(—4)=-2; ikinci eleman —2:0+1-34+0-(—2)=3. Uclnci B satirinin
agirhgi sifirdir.

1 3 2 1
(CB)A=[—2 3] =[1o -6 -1 —2]
4 0 1 O

Elemanlar sirayla —2-1+3-4=10; —2:3+3:0=-6; —2-2+3:1=-1; —2:1+3-:0=-2 olur.

BA= 12 0 3 0
-12 -12 -10 -4

Birinci satir 1-A1+0-A2=A1; ikinci satir 0-A1+3-A2=[12,0,3,0]; dclncu satir
—4A1—2A>=[-12,-12,-10,—4] olur.

C(BA)=-2[1,3,2,1]+[12,0,3,0]+0[-12,-12,-10,—-4]=[10,-6,—1,-2]

Birlesme 6zelligi sayisal olarak dogrulandi. Daha az ara eleman Urettigi icin 6nce CB'yi
hesaplamak bu 6rnekte daha ekonomiktir; bu, carpanlarin sirasini degistirme izni degildir.

Back to English
Source page 50: overflow check, no new lesson

50. sayfa ayrica gorsel olarak kontrol edilmistir. Ust kenarda dnceki fotografin cok kiicik
tasan parcasi disinda yeni 6gretim icerigi yoktur. Bu nedenle yeni bir konu uydurulmamis;
p49’'daki tekrarli fotograf tek kez eksiksiz islenmistir.

Source PDF pages 50

Coverage result: p49 duplicated photograph = p50 clipped overflow; no new
readable content.

Bu kayit “50 sayfanin hepsi kontrol edildi” iddiasini somutlastirir; bos veya tasan sayfa,
icerik atlandigi anlamina gelmez.

Back to English
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ME-09-W1 Worked example support

Once iki piyasay birlikte temizle. Sonra yalnizca ilk talep kesisimi degisirken diger bitin
katsayilari sabit tut. ikinci piyasanin etkilenme kanali capraz fiyat terimidir.

20—2P1+P2=—4+3P1 -» 5P1—P2=24; 12+P1—P2=—-2+2P2 -» —P1+3P2=14

Birinci malin kendi fiyat katsayilari 2+3=5; ikinci malinkiler 1+2=3 olur. Sabit arz
kesisimleri sag tarafa eklenince 24 ve 14 elde edilir.

5 -1
A= 3 ; D=15-1=14; A-'=(1/14)
-1

D=14 oldugu icin tek fiyat cifti vardir. Capraz terimler ters matriste pozitif olur.
P1*=(3-24+14)/14=43/7; P2*=(24+5-14)/14=47]7

Paylar 86 ve 94'tur; 14’e bollUp sadelestirince 43/7 ve 47/7 elde edilir.
Qi*=—-4+3:43/7=101/7; Q2*=—-2+2:47/7=80/7

Talepte kontrol: 20—2-43/7+47/7=(140—86+47)/7=101/7. ikinci talep
(84+43—-47)/7=80/7 verir.

7 3/2
1/2

7
Ad= 0 ; Ap=A-1Ad=(1/14)

Talep kesisimi 7 artinca ilk sag taraf 24'ten31’e yukselir; ikinci sag tarafl4 kalir. Katsayi
matrisi ayni oldugundan degisim hesabi tamdir.

AQ1=3AP1=9/2; AQ2=2AP2=1

Yeni fiyatlar 107/14 vel01/14; yeni miktarlar265/14 ve87/7 olur. P1 artisi ikinci malin
talebini capraz fiyat terimiyle artirdigi icin ikinci fiyat ve miktar da yUkselir.

Sokun hangi piyasadan baslayip digerine hangi terimle gectigini, diger katsayilarin
sabitligini ve sonlu degisim hesabinin tamhgini aciklayin.

Return to the worked example
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ME-09-S1 Question support

A ve B deneylerini birbirinin Gzerine uygulamayin. ¢ parametresinin arz denkleminde
eksiyle yer aldigini unutmayin.

Sadece “saga kayma” demek yerine ayni fiyattaki miktar tGzerinden iki soku karsilastiran
ingilizce cimleler yazin.

Return to the problem

ME-09-S2 Question support

Bu soruda iki kaydirilmis matrisin determinantlarini ayri ayri kontrol et. Bir katsayi
matrisinin kare olmasi yetmez.

Baslangic A ve B’nin terslenebilir olmasinin soruyu neden ¢6zmedigini, ayrica ekonomik
anlam icin neden degisken tanimlari gerektigini acikla.

Return to the problem

ME-09-S3 Question support

Paydanin pozitif olmasiyla islem miktarinin pozitif olmasini ayir. Bu soru yalnizca denklem
co6zmeyi degil ekonomik alan kontrollnu ister.

Cebirsel kesisimin tekligi ile ekonomik kabul edilebilirligi ayir. Pozitif ve negatif olmayan
miktar kosullarini farkh esitsizliklerle yaz.

Return to the problem
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Hints Level 1 Choose the strategy

Use one hint, then go back and try. The second level gives a more specific intermediate move.
ME-09-S1

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlar ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-09-S2

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-09-S3

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2
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Hints Level 2 One useful next move
ME-09-S1

b+d=3. A demand intercept change and a negative-supply-intercept magnitude change
have different quantity effects.

Baslangicta P=(30+6)/3. A'da yalniz a, B'de yalniz c degisir.

Return and complete your attempt

ME-09-S2
A-21=[[1,11,[2,2]]; B—21=[[0,1]1,[0,0]].

ilk matriste satirlar bagimh; ikinci matriste ikinci satir sifir. Her iki durumda | hedefinin mimkun olup
olmadigini distnin.

Return and complete your attempt

ME-09-S3
Q*=(ad—Dbc)/(b+d), so the numerator determines the quantity sign when b+d>0.
ad—bc=0 kosulunu a icin ¢6zUn. Esitlik sifir islem miktari sinindir.

Return and complete your attempt
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Solutions and model interpretations
ME-09-W1 Model interpretation

Holding all other intercepts and slopes fixed, the first demand increase raises P1 by 1.5

and Qi by 4.5 units. The higher P1 increases demand for commodity 2 through its positive

cross-price term, so Pz rises by 0.5 and Q2 by 1. The feedback between prices is already
included in the simultaneous solution. These finite changes are exact because only the

constants vector changes while the linear coefficient matrix remains fixed.

ikinci talebin kendi sabit terimi degismedi diye ikinci piyasa etkisiz kalmaz.
Q2P=12+P1—P2 denkleminde P1 bulundugu icin ilk piyasadaki fiyat artisi ikinci talebi
artinir. iki fiyatin geri beslemesi tek tek sirayla tahmin edilmemis, ortak sistemde
¢ozulmustur. Bu sonuclar genel olarak refah artisi veya zaman icindeki hareket hizi
anlamina gelmez.

Check the explanation

[ Identifies the first demand intercept as the only initial exogenous change.
[ Explains P1 T raises Q2P through +P1 and therefore P2,Q2 rise.

J Reports AP1=1.5,AP2=.5,AQ1=4.5,AQ2=1 with suitable units.

] Notes that the coefficient matrix remains fixed in a linear system.

ME-09-S1 Solution
P*=(30+6)/3=12; Q*=—6+12=06

Solve the original equilibrium.

Talep 30—2-12=6 ile arz ayni sonucu verir; miktar pozitiftir.
A: P*=(36+6)/3=14; Q*=—-6+14=8; AP=2,AQ=2

A higher demand intercept raises both outcomes.

Her fiyatta talep 6 birim artar; dedismeyen arz lizerinde yeni denge daha ylksek fiyat ve miktardadir.

B: P*=(30+9)/3=13; Q*=—-9+13=4,; AP=1,AQ=-2

A larger c reduces supply at each price.

Baslangic a=30 kalir. Arz kesisimi —6'dan—9’a iner; bu ylUzden fiyat artarken islem miktari azalir.
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Model English interpretation

In experiment A, demand is higher at every fixed price, so movement along unchanged
supply raises equilibrium price from 12 to 14 and quantity from 6 to 8. In experiment B,
increasing c lowers supply at every fixed price; the market therefore clears at a higher
price, 13, but a lower quantity, 4, holding the other parameters fixed.

Turkce reasoning

iki deneyde de fiyat artmasina ragmen miktar yonleri farkhdir; bu ayrim sokun talep mi
arz mi tarafindan geldigini gosterir. “c artti, arz artti” yanlis olur cunki yapisal denklemin
isareti —c’dir.

Check your explanation

[] States that aT increases demand at each fixed price.

[J States that ¢ T decreases supply because Qs=—-c+dP.

1 GivesPTQT for Aand PTQ{ for B.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-09-S2 Solution
1
A-2l= ) ; det=1-2-1:2=0

The first shifted matrix is singular.

Herhangi bir C ile carpilirsa ikinci satir birinci satirin iki kati olur. I'nin satirlari bu iliskiyi saglamaz;
dolayisiyla bdyle bir C yoktur.

0 1
B-2I= ; det=0
0 O

The second shifted matrix is also singular.

Her D ile carpimin ikinci satiri sifirdir; I'nin ikinci satir [0,1] oldugundan bdyle bir D de yoktur.
det(A)=10=0; det(B)=4=0, yet both shifted matrices are singular.

Original invertibility does not survive every shift.

Kontrol edilen nesne A veya B degil A—2I veya B—2I olmalidir. Ornek bu ayrimi ézellikle gérindr kilar.
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Model English interpretation

The matrices multiplying the unknowns are A—2I and B—2I, not A and B. Both shifted
matrices are singular, so neither can produce a two-sided identity inverse; their row
structures also directly rule out the requested products. Since no economic variables or
units are attached to these matrices, the conclusion is algebraic and no price, income or
welfare interpretation is justified.

Turkce reasoning

Ekonomik yorum yapmak her saylya ekonomik bir etiket uydurmak degildir. Modelin
degisken tanimlari yoksa dirust sonucg cebirsel sonuctur. Gercek ekonomik modelde
tekillik, dengeyi tek bicimde belirleyemeyen veya tutarsiz bir denklem yapisi anlamina
gelebilir; hangi durum oldugu sag tarafla birlikte incelenir.

Check your explanation

O ldentifies A—2l and B—2I as the relevant coefficient matrices.

[ Uses zero determinants or row structure to rule out identity products.
[1 Does not invent prices/incomes for unlabeled matrices.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-09-S3 Solution
P*=(8+10)/(4+2)=18/6=3; Q*=8—4:-3=—-4

The unique intersection lies at a negative quantity.

Arzda kontrol —10+2:3=-—4 verir. Cebir tutarlidir, fakat negatif islem miktari istenen ekonomik alanin
disindadir.

Q*=0 & (2a—40)/6=0 & 2a—40=0 < a=20

Use the positive denominator to preserve the inequality direction.

6>0 oldugundan payin en az sifir olmasi gerekir. a=20 sinirda Q*=0; gercekten pozitif ticaret icin a>20
gerexkir.

At a=20: P*=(20+10)/6=5; Q*=0

Check the boundary directly.

Talep 20—4-5=0 ve arz —10+2-5=0 olur. Modelin pozitif miktar bélgesine girisi bu sinirdan baslar.
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Model English interpretation

The equations have a unique algebraic intersection at P=3,Q=—4, but it is not
economically admissible when traded quantity must be nonnegative. Positive parameters
ensure b+d>0, not ad—bc>0. With the given slopes and supply intercept, nonnegative
trade requires a=20, while strictly positive trade requires a>20. The issue is economic
feasibility, not failure of the algebra.

Turkce reasoning

Bir cozumu bulmak, onu ekonomik denge olarak kabul etmekten dnceki adimdir. Negatif
miktar bulununca matematigi degistirmeyiz; modelin tanimli ekonomik alaninda bu
kesisimin kabul edilemedigini sdyleriz. Pozitif parametreler sadece bazi isaretleri garanti
eder; miktar icin ad—bc ayrica kontrol edilir.

Check your explanation

0 Reports and checks the algebraic intersection.

[ Assesses the sign of traded quantity without pretending the algebra failed.

[] States separate weak and strict conditions for nonnegative and positive trade.
O Explains the role of ad—bc rather than relying only on parameter positivity.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
Concept check answers

ME-09-C1 Answer B

At fixed P, 0Qs/oc=—1. This is a supply contraction.

Ayni fiyatta arzin azaldigini dogrudan denklemden okuruz. Grafik yonUnU aciklarken eksenleri ayrica
belirtmek gerekir.

If you chose differently: Compare the old and new value of —c+dP at the same P.

c yerine daha bayuk bir sayl yazinca —c daha kucuk olur.

ME-09-C2 Answer B

BA is 3x4 and CB is 1x2; either grouping gives a 1x4 result.

(1x3)(3x4) ve (1x2)(2x4) carpimlari tanimhdir. AB’de ise 4 ile 3 eslesmedigi icin carpim tanimsizdir.
If you chose differently: Check one adjacent pair at a time.

Parantez degisebilir; A,B,C sirasi degisemez.

ME-09-C3 Answer A

Subtracting 21 changes the matrix and can change its invertibility.

Ornegin B=[[2,0]1,[3,2]] icin det(B)=4 iken B—21=[[0,0],[3,0]] determinanti sifirdir. Once yeni matris
kurulur, sonra yeni determinant hesaplanir.

If you chose differently: Name the matrix multiplying C.

C’nin solundaki butun ifade tek bir katsay! matrisi olarak dusunalar.
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ME-09-C4 Answer A

The sign describes one named exogenous change, holding the remaining parameters
fixed.

Tlrev hangi parametreye gore alindiysa yalnizca o deneyin yoninua agiklar. Zaman dinamigi veya diger

parametrelerin etkisi hakkinda otomatik sonug¢ vermez.
If you chose differently: Read both the numerator and denominator labels of the derivative.

dP*/aa, P'nin a’ya duyarlihgidir; t'ye veya d'ye gore tlrev degildir.
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Reflection and a second attempt

For each skill, mark: not yet / with help / alone. “Alone” means you can demonstrate it with the
explanation closed.

1 Not yet [0 With help [J Alone
| can derive and interpret all eight market derivatives.

1 Not yet [0 With help [J Alone
| can read a graph with its actual axes rather than relying on shift labels.

1 Not yet [0 With help [J Alone
| can solve both markets with Cramer and inverse methods and retain exact fractions.

1 Not yet [0 With help [J Alone
| can test the shifted matrix itself and verify an identity product.

1 Not yet [0 With help [J Alone
| can preserve matrix order while changing grouping.

[ Not yet [0 With help [J Alone
| can distinguish a mathematical solution from an economically admissible equilibrium.

isaret, bluyUklik, birim, varsayim ve mekanizmay! birlikte aciklayabiliyorum. Kaynaktaki yuvarlamalari,
etiket stircmelerini ve tekrar fotograflari dogru ¢c6ziimden ayirabiliyorum; ¢c6ziime ekonomik anlam
verirken modelin séylemedigini uydurmuyorum.

The first step | could not explain, and the check | will use next time

Next attempt: problem ID and date

Progress is manual. Keep the first attempt visible; use a new page or a different pen colour for the retry.

Source scope

High-resolution visual verification of pp47-49 plus p46 market bridge and p50 overflow. All source
diagrams, equations, prompts, intermediate matrices and assumptions accounted for. Exact source
market values and matrices preserved; corrected premature rounding and an incomplete inverse line
explicitly. Both CBA groupings numerically completed as original explanatory extension. p50 is inspected
overflow, not a missing unit. Original W1/S1-S3 are clearly distinct and include English economic
interpretation prompts, criteria and model answers.
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Independent reconstruction

Choose any problem ID. Close the teaching and solution sections. Rebuild the model and
check the result from the original data.

Problem ID Date

Model and calculation

English interpretation and conditions
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