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ABSTRACT 

MSc Thesis 

The Development of Augmented Reality Based Platform for Electronic Circuits 

Sanaa IRIQAT 

 

Graduate School of Natural and Applied Sciences 

Department of Electronics Engineering 

Supervisor: Prof. Dr. Fahri VATANSEVER 

 

Engineering science differs from other sciences because of its applicable perspective. The most important 
thing for an engineer is not only to understand theoretical concepts, but also to have the ability to apply 
this theoretical knowledge in real life. In order for the theoretical knowledge in engineering education to 
be better understood, grasped and reinforced, it must be supported by practical applications. This is 
possible with laboratory applications in educational environments. However, there may be problems in 
the laboratory parts due to reasons such as the lack of sufficient infrastructure and equipment, and the 
large number of students. For these reasons, alternatives are sought in the application sections. 

Rapid developments in technology show themselves in every field. Concepts such as "computer aided 
engineering", "computer aided design" and "computer aided education" are frequently used, especially as 
a result of the advances in the computer world. In addition, reality types such as "augmented reality", 
"virtual reality", "mixed reality" and related reality applications used in many fields have been developed. 

In this thesis, an augmented reality-based platform has been developed for operational amplifiers, one of 
the basic structures in the field of electronic circuits. In this platform, where only a smart phone and a 
breadboard are required, applications such as inverting-non inverting amplifiers, summing-differential, 
integrator-differentiator circuits, which are among the basic operational amplifier circuit structures - with 
rich visual support (input-output signals, user-defined circuit elements, circuit connections, circuit 
placements on the breadboard, etc.) - can be done quickly and easily. Principally, the smartphone takes a 
picture of the electronic circuit marker and digitally forms a layer of virtual objects that are mixed with 
the original image. Thus designed platform; presents augmented reality as an interactive user guide, 
guides students or people working in this field for the analysis and synthesis of operational amplifier 
circuits, and makes them use it as a new and interesting alternative application / teaching way with its rich 
visual content. 

Key words: Augmented reality, electronic circuits, op-amp amplifiers, educational technology 
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1.  

 

 

 ve . 

 

M

. , 

ta  

 nin 

teknoloji . 

teknolojidir (Lee 2012). 

 

lerinden birisi de 

 



 
 

2 
 

m , uygulanabilir perspektifi nedeniyle d

pratik uygulama  

a  Bu sorunu 

leri sanal ve uzak laboratuvarlar  

yapabilmektedir (Canfora ve ark. 2004).  

 

 

(Benmohamed ve ark. 2007). 

Bu tez AG 

 platform; 

, 

alternatif bir yol . 

sistem,  (op a

. 

integral)  

ve bir breadboard yeterlidir. 

dijital) 

- -  

 

  

AG platformunu  

 G platformunu kullanarak pratik becerilerini 
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2. KURAMSAL TEMELLER  

 

, 
AG bir  . 

Cruz ve Cortez 

 sistemini 

  

 ve pin bilgileri

 mektedir.  

G 

  

panoyu (Seeedui

ci 

k 

ni bir pencere de 

 

Odeh ve ark. (2013) lar. 

Uzak AG 

tedirler. Beheshti 
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ek alternatif

 

G  mektedir. Bununla birlikte, sanal 

makta 

ve laboratuva

 (Phade ve ark. 2019). 

Narumi ve ark. (2015) 

analiz ederek pro

n 

 

r. 

elektronik laboratuv

G 

G 

   

Ortaokullarda elekt

 i

-

 (Restivo ve ark. 2014). 
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Tuli ve Mantri (2015) 

uy

bir makalede ise 

(FitzGerald ve ark. 2012).  

yeterli ol  

Visual Studio 2012 platformu ve  

 

G 

  

Le

 Juan ve Beatrice 

(2011) 

mektedir

m . 
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vermektedir. 

Re ve ark. (2016) 

lar 

 

Wei Kan ve ark. (2011)  

incelemekte   teknolojisini . Bir 

maktad

(2011) 

  

 

lmektedir

ol   

lar (Ong 

ve ark. 2011). 

mektedir (Chamberlain 

ve ark. 2016). 
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g AG 

. IoT hizmeti, AG 

. Oyunun t AG teknolojisini kullanarak 

 (Feiner ve ark. 1993).   

Chen ve ark. (2016) 

AG 

AG teknolojisinin etkilerini inceleyip, bir mobil uygulama kullanarak 

 (McMahon ve ark. 2015).  

AG 

 Bu nedenle bu eksiklikleri giderecek bir  

r. 

2.2. Kuramsal Temeller  

Bu alt ; 
 

2.2.  

. 
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2011). 

2.2.  

 

 

(Janssen 

2011). 

(Norton 1972). 

2.2. -  

-  

(Wikipedia 2020 ). 
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1. -  

 

 

tur 

(Milgram ve ark. 1994). 

 

2.  

 

2.2.  

(1991)

(MR)

A S (AS)

 

 
  

 

 
 

Sanal 
 

(sanal ortam) 
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en 2011). 

 

SG 

 

 

 

 

sana ) 

 

 

ta

mi

izler. 



 
 

12 
 

 

3. Sa
 

bilgi toplar. 
 

 

2.2. lik (AG) 

 

 

 AG de, 

 

 

 

(Milgram ve ark. 1994). 
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playan bir makine vizyonu ve bilgisayar-grafik 

(Memi 2006). 

gr

 dir. Dokunsal geribildirim 

 

 

1.  

2.  

3.  

Azuma 

ve ark. 2001). 

 

4. 
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2.2.  

AG

ur: optik ve video 

teknolojileri (Onime ve ark. 2011).  

 

 

 

5.  

 

6.  
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-

me lar  

  

da bu teknolojiyi hem askeri hem d . Bununla birlikte, 

 

p

ark. 2003). 

digital 

2.7-2.8) (Kato ve Billinghurs 1999). Bununla birlikte, MR Systems 

 

 

7.  
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8.  

 

mektedir. Bununla birlikte, bir 

 

sistem kolayca elde edilebilir (Kato ve Billinghurs 1999). 

, kroma anahtarlama 

(Azuma 1997). 

 transparan HMD'ler yerine, monit da 

ler 2.9
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9.  

 

 (k

takm  

G kurulumu muhtemelen daha 

 (Silva ve ark. 2003). 

G ilmler 

(Onime ve ark. 2015). 

2.2.  

AG -

. Bu cihazlardaki teknolojik 

r izleme, sistem 
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i

dan (AnyMotion 2019). 

d ancak G referans belirleyici 

(AnyMotion 2019). 

 

mektedir

yararlanabilir (Behringe 1999). 

mektedir (Welch ve Bishop 1997). 

 dir. 

Ancak sanal 

gerekmektedir (Silva ve ark. 2003). 

 

 

G 

G sistemi 

sanal n
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basittir (Azuma ve 

ark. 2001). 

2.2.  

2.2.8.1. AG ve SG'nin benzerlikleri 

AG ve SG  

 tmektedir: 
deneyim. 

 Genel olarak daha iyi bir deneyim sunar. 

  potansiyele sahiptir. 

  
 

2.2.8.2.  

(Berryman 2012; Kounavis ve ark. 
 2016; Stapleton 2019): 

 

 SG'de 

dokunabilmektedir. 

 rine 
mektedir. 

 

 

 AG ,  kullanmak gibidir; 
SG 

/ kontrol etmesi 
gerekmektedir. 
 

2.2.8.3.  

(Azuma 1997; Hsiao et Rashvand 
ve  ve  2013; Sevim 2019; Panono 2020): 
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 k

 

  b  

  

  

  

 Soy  

 B-3B  

  

 
 

 

2.2.8.4. SG  

(Panono 2020; Bardi 2019; Babich 2019): 

  . 

 d . 

  

  
mektedir. 

  

 
 

 

2.2.8.5.  

ve  2013; Robinson 2010; 
Assignment Help 4 Me 2019): 

 

 

 mektedir. 

 abilir. 

  



 
 

21 
 

 
 

 maddi/  

 AG, z  

  

 

2.2.  

(Nedic ve ark. 2003; Bingo Technologies 2019): 

 
kuramayacaklar . 

 
mektedirler. 

 

 
 

. (Carmigniani ve ark. 2011; 
Bamodu and Ye 2013; Billinghurst ve ark. 2015; McMillan ve ark. 2017; Farshid ve ark. 2018; 
Li ve ark. 2019;  Rokhsaritalemi ve ark. 2020; Wikipedia 2020; Jaquith ve The Futurism Team 
2017; Nepal ve Tang 2017;  2019; Stapleton 2019). 

Tablo 2.1.  

 
 

 
 

SG AG KG 

 dijital veri ve bilgi 
ile temsili 

eklenen veriler ve 
bilgiler  

 
Tamamen yapay / 

dijital / sanal 
 

 

 
Tamamen sanal 

  
mekansal 
haritalama 

Konsept 
Bir mevcudiyet 

desteklemek,  
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fiziksel birlikte 

eklemek 

 
 

 
 

 

Deneyim 

Dijital 3D 

deneyimleyebilir 
deneyimleyebilir 

deneyimleyebilir 

Oran 
  

Sanal (orta) + 
 

 Sanal 
Hem sanal hem de 

 
Mix 

B
il

gi
 

3B alanda 
 

Evet 
3B alanda 

 
Evet 

 
  Evet 

Zaman 
 

  Evet 

 Sanal nesne ile Fiziksel nesne ile 
Fiziksel ve sanal 

nesne ile 

 
   

 

Bilgisayar 

grafikler / resimler 

Bilgisayarda 

grafiklerin / 

nesnelerin / 

kombinasyonu 

Bilgisayarda 

grafiklerin / 

nesnelerin / 

kombinasyonu 

Perspektif 

Sanal nesnelerin / 

 

Sanal nesneler / 

tepki verir 

Sanal nesneler / 

tepki verir 

 
gibi bir his var ama 

yok 

olma hissi, ancak 

yeni nesneler / 

olma hissi, ancak 

yeni nesneler / 



 
 

23 
 

  

 edilemeyen sanal 
 

 

edilemeyen sanal 
nesnele  

 

Joystickler, kontrol 

eldivenleri, toplar / 

izleyiciler, cihaz 

(sanal omni), elle 
giyilen cihazlar ve 

 

multimodal 

kablosuz bileklik, el 

vb.) 

6-DOF izleme 

kameralar, hareket 
izleyiciler ve 

 hareket / ses 
 

 

(veri eldivenleri, 

miyoelektriklik 

dokunmatik cihaz 

(dokunmatik ekran 
ve dijital kalem) ve 

 

multimodal 

 

Kavranabilir 
 

 
ekipman, stereo 

projeksiyon 

tipi, fishbowl VR 
ve IDesk / IScreen) 

Video ve 

ekranlar, optik 

ekranlar (HMD, 

ekranlar), elde 
tut

uzamsal ekranlar, 

ekranlar 

Head-up display, 

bilgisayar - tablet - 
cep telefonu - el 
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Unity, Amazon 
Sumerian, Unreal 

Engine, CryEngine, 
Blender, 3ds MAx, 
SketchUp Studio, 

Maya, Oculus 
Medium, 

Lumberyard 

Unity, Amazon 
Sumerian, 

ARToolkit, 
osgART, 

Studierstube, 
MXR-ToolKit, 
FLARManager, 

Processing, 
D'Fusion, Metaio 

Creator, 
OpenFrameworks, 
DART, Wikitude 

Studio, Vuforia and 
Metaio Unity plug-
ins, EasyAR, Layar 

Creator, ARKit, 
AR-Media plug-ins, 

ARCore,  Maxst, 
BuildAR 

Unity, MRTK, 
ARToolkit, Layar, 
Vuforia, Zapbox, 
Kudan, Wikitude, 

OSVR 

 
 

navigasyon, reklam 
ve pazarlama, 

seyahat, acil durum 

uygulama ve 

oyunlar, sosyal 
 

li 

askeri, uzaktan 

model, 

 

 
Oculus Rift, Sony 

Headset VR 
Google Glass, 
Pokemon Go 

Microsoft 
HollowLens MR 
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3.  

3.1.  

, Xzimg vb. yer 

mektedir. 

lojisini kullan  (Vuforia 

2019).  

 

; Android, iOS, UWP 

 

Unity3D iki kodlama dilini desteklemektedir: C # ve 

++ 'dan daha fazla tercih edilir. Bununla birlikte, Unity 

 sahiptir ve Windows XP Service Pack 2'de (SP2) 

(Unity 2020). Unreal Engine, 

desteklenen oyun motorudur

r (Educba 2020). CryEngine ise 

 grafiksel yetenekleridir. CryEngine 

zaman almakta  

Educba 2020). Bu 
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3.2.  

 

G 

 

 Vuforia Motor Kurulumu  

https://developer.vuforia.com/ 

https://developer.vuforia.com/downloads/sdk adresinden 

eklentisini indirilir 

.  

 

1. Vuforia SDK Unity eklentisi 

 

 

https://library.vuforia.com/content/vuforia-library/en/articles/Solution/vuforia-engine-package-

hosting-for-unity.html  
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Android mektedir. 

2019.2'den itibaren buna gerek yoktur. Kurulumdan sonra indirilen Vuforia eklentisi Unity'ye 

. 

 

2.  

 

  

. 
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3.  

 

  

3D  p mekte "Create" 
bas .  

 

4. Yeni bir Unity projesi  
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Vuforia 

. 

"Vuforia Augmented 

Reality Supported"  

 

5.  
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6. Vuforia motorunu e  

  Vuforia Motor Oyun Nesneleri (Vuforia Engine) 

. 

 

7. Vuforia motor oyun nesneleri (Vuforia Engine Game Objects) 
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https://library.vuforia.com/features/overview.html 

3.7.  

kamera, hem e

 

. 

 

8. Vuforia motor y n a  (Open Vuforia Engine Configuration) 
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 License) 

 

 

9. Lisans a eklenmesi 

 

-

  

   

 

 

10.  
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a

 

 

11.  

 

 

 

 

 

12.  
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13. klemesi 

 

mektedir

- hedef olarak 

-   

 

14.  
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15. Resim hedeflerini y  

 

 

 

 

16. indirmesi 
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17. ktarma 

 

 

3.19). 



 
 

37 
 

 

18.  

 

 

19.  
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clear all; clc; 
f=50; r1=10; r2=20; vim=5; vcc=15; 
t=linspace(0,1/f,256); wt=2*pi*f*t; vi=vim*sin(wt); 
for i=1:256 
 vo(i)=-(r2/r1)*vi(i); 
 if vo(i)>vcc 
     vo(i)=vcc; 
 end 
 if vo(i)<-vcc 
     vo(i)=-vcc; 
 end 
end 
subplot(211); plot(t,vi,'b','LineWidth',2); axis([0 1/f -10 10]); 
grid on; xlabel('Time (s)'); ylabel('Amplitude (V)'); 
subplot(212); plot(t,vo,'r','LineWidth',2); axis([0 1/f -20 20]); 
grid on;xlabel('Time (s)'); ylabel('Amplitude (V)'); 

 

 

 

20.  

 

assets file) 
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21.  

 

 

22.  
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23. Sahneye bir panel ekleme 

 

 

 

24. SF penceresini ekleme 
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25.  

 

 

 

 3.26.  
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27. Eklenen metni ayarlama 

ekil 3.28  

 

28.  
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i

bir kod eklenmektedir. 

"Default trackable event handler" 

 . Birinci olarak, ilk 

gerekmektedir

e (on tracking lost) kod 

eklenmektedir. 

using UnityEngine; 
using Vuforia; 
 
public class DefaultTrackableEventHandler : MonoBehaviour, ITrackableEventHandler 
{ 
    #region PROTECTED_MEMBER_VARIABLES 
 
    protected TrackableBehaviour mTrackableBehaviour; 
    protected TrackableBehaviour.Status m_PreviousStatus; 
    protected TrackableBehaviour.Status m_NewStatus; 
    public Transform firstpanel; 
    #endregion // PROTECTED_MEMBER_VARIABLES 
 
    #region UNITY_MONOBEHAVIOUR_METHODS 
 
    protected virtual void Start() 
    { 
        mTrackableBehaviour = GetComponent<TrackableBehaviour>(); 
        if (mTrackableBehaviour) 
            mTrackableBehaviour.RegisterTrackableEventHandler(this); 
    } 
 
    protected virtual void OnDestroy() 
    { 
        if (mTrackableBehaviour) 
            mTrackableBehaviour.UnregisterTrackableEventHandler(this); 
    } 
 
    #region PUBLIC_METHODS 
 
    public void OnTrackableStateChanged( 
        TrackableBehaviour.Status previousStatus, 
        TrackableBehaviour.Status newStatus) 
    { 
        m_PreviousStatus = previousStatus; 
        m_NewStatus = newStatus; 
         
        Debug.Log("Trackable " + mTrackableBehaviour.TrackableName +  
                  " " + mTrackableBehaviour.CurrentStatus + 
                  " -- " + mTrackableBehaviour.CurrentStatusInfo); 
 
        if (newStatus == TrackableBehaviour.Status.DETECTED || 
            newStatus == TrackableBehaviour.Status.TRACKED || 
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            newStatus == TrackableBehaviour.Status.EXTENDED_TRACKED) 
        { 
            OnTrackingFound(); 
        } 
        else if (previousStatus == TrackableBehaviour.Status.TRACKED && 
                 newStatus == TrackableBehaviour.Status.NO_POSE) 
        { 
            OnTrackingLost(); 
        } 
        else 
        { 
             
            OnTrackingLost(); 
        } 
    } 
 
    #endregion // PUBLIC_METHODS 
 
    #region PROTECTED_METHODS 
 
    protected virtual void OnTrackingFound() 
    { 
        if (mTrackableBehaviour) 
        { 
            var rendererComponents = 
mTrackableBehaviour.GetComponentsInChildren<Renderer>(true); 
            var colliderComponents = 
mTrackableBehaviour.GetComponentsInChildren<Collider>(true); 
            var canvasComponents = 
mTrackableBehaviour.GetComponentsInChildren<Canvas>(true); 
 
            // Enable rendering: 
            foreach (var component in rendererComponents) 
                component.enabled = true; 
 
            // Enable colliders: 
            foreach (var component in colliderComponents) 
                component.enabled = true; 
 
            // Enable canvas': 
            foreach (var component in canvasComponents) 
                component.enabled = true; 
        } 
        firstpanel.gameObject.SetActive(false); 
         
    } 
 
 
    protected virtual void OnTrackingLost() 
    { 
        if (mTrackableBehaviour) 
        { 
            var rendererComponents = 
mTrackableBehaviour.GetComponentsInChildren<Renderer>(true); 
            var colliderComponents = 
mTrackableBehaviour.GetComponentsInChildren<Collider>(true); 
            var canvasComponents = 
mTrackableBehaviour.GetComponentsInChildren<Canvas>(true); 
 
            // Disable rendering: 
            foreach (var component in rendererComponents) 
                component.enabled = false; 
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            // Disable colliders: 
            foreach (var component in colliderComponents) 
                component.enabled = false; 
 
            // Disable canvas': 
            foreach (var component in canvasComponents) 
                component.enabled = false; 
        } 
        firstpanel.gameObject.SetActive(true); 
         
    } 
 
    #endregion // PROTECTED_METHODS 
} 

 
 

  

 

 

29.  
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30.  

 

 

31.  
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using System.Collections; 
using System.Collections.Generic; 
using UnityEngine; 
using UnityEngine.UI; 
 
public class dropdownexample : MonoBehaviour 
{ 
    public Dropdown dropdown; 
    public GameObject signal1; 
    public GameObject signal2; 
 
    void Start() 
    { 
        signal1.SetActive(false); 
        signal2.SetActive(false); 
         
    } 
    public void Dropdown_IndexChanged(int index) 
    { 
      
        if (index==1) 
        { 
            signal1.SetActive(true); 
            signal2.SetActive(false); 
        } 
        else if (index==2) 
        { 
            signal2.SetActive(true); 
            signal1.SetActive(false); 
        } 
        else 
        { 
            signal2.SetActive(false); 
            signal1.SetActive(false); 
        } 
    } 
} 

 

Sahne 
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32. Inspector  

 

ekil 3.33-3.34).  

 

33.  
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34.  

 

 Devrelerin 3B modellerini  

 (Petty 2020). 

 

 ekil 3.35) 
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35.  

 

 Tahtaya doku ekleme ekil 3.36) 

 

36. Tahtaya doku ekleme 
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 ekil 3.37) 

 

37.  

 
 ekil 3.38) 

 

38.  
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 ekil 3.39) 

 

39.  

 ekil 3.40) 

 

a) Malzemeyi o rmak 
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b) M  

 

c)   
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d) Malzemeyi kopyalamak  

 

e)  

        40.  
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 ekil 3.41) 

 

a) Direncin ilk telini   

 

b)   

      41.   
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  Direnci klonlamak ekil 3.42) 

 

42. Direnci klonlama 

 ekil 3.43) 

 

43.  
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 ekil 3.44) 

 

a) IC   

 

b)  Alt nesne  modellemek 
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c)   

 

d)   
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e)   

 

f)   

      44. IC  
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  ekil 3.45) 

 

45.  

  ekil 3.46) 

 

a)   B  tel k 
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b)  
 
                                               46. Kablo  

  ekil 3.47) 

 

a) K  
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b)  

 47.  

 ekil 3.48) 

 

48.  
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  ekil 3.49) 

 

49.  

 ekil 3.50) 

 

50.  
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51. 3B modeli Unity  aktarmak 

 

ekil 3.52).  

 

52. 3B modeli breadboard  
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ekil 3.53). 

 

53. Buton ekleme 

 

using System.Collections; 
using System.Collections.Generic; 
using UnityEngine; 
 
public class openmodel : MonoBehaviour 
{ 
    public GameObject Circuit3d; 
 
    public void openCircuit3d() 
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    { 
        if (Circuit3d != null) 
        { 
            bool isActive = Circuit3d.activeSelf; 
            Circuit3d.SetActive(!isActive); 
        } 
    } 
} 

  

3B model devresi breadboard'un 
eklenmelidir.   butonlar -

 

e getirilmektedir. 

 Landscape left , "use 32 bit 
, bunun yerine " disable depth and stencil . 

   
(aspect ra . 

 inspector window UI Scale Model) 
"Scale with Screen Size . 

 Dosya> . 

 

Tablo 3.1.  

  -  
Eviren  

 
 

 
 
 

 

 

Evirmeyen  
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Toplama  
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4. BULGULAR VE  

4.1. Uygulamalar 

 -
  

 

 

1.  

 

  

  eviren 
 

  (Electronicsnotes 2020). 

Bir  ,  
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2.   

 

  (4.1) 

  (4.2) 

  (4.3) 

 

gerilimi  gerilimi gerilim 

  

Bu da g
mektedir.  (Electronicsnotes 2020): 

 . 

  . 

 . 
 

-4.4'te 

verilmektedir. 3D, Vout  /  

-4.7'd  
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3.  

 

4. R1  
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5.  

 

6. -  
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7.  

 
 

  

Evirmeyen bir 
versiyonunu 

mektedir (Electronicsnotes 2020). 

Evirmeyen    

 

8. Evirmeyen    
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8 gerilimi   -amp'in 

uygulan -amp'in gerilimi   

Gerilim ini kullanarak, op-amp'in eviren gerilimi ( ) 
(4.4)'te verilmektedir. 

 

 
 (4.4) 

 

Bir op- gerilimi gerilimle 
 

 

  (4.5) 

 
 (4.6) 

 
 (4.7) 

 
 (4.8) 

 
 (4.9) 

 

 gerilimi  ve giri gerilimi  meyen  
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Evirmeyen  tir
 Op  

7  
hassas 

 

 (Electronicsnotes 2020): 

 E gerilim  

 Gerilim . 

 

evirmeyen 9-4.10'te 

verilmektedir.  

11-4.13'te  

 

 

9. R1 = 100K , R2 = 500K   
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10. R1 = 50K , R2 = 500K  leri 

 

11. Evirmeyen  
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12. Evirmeyen -  

 

13.  
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 ci 

Toplama 
d gerilimleri cebirsel olarak toplama  
(eklemektedir) (Solid Fluid System Solutions 2020). 

 

14. Toplama    

 

 
 (4.10) 

 
 (4.11) 

  (4.12) 

 
 (4.13) 

 

Toplama in : 

 G Bu, ikili bir 
(Binary number) 

(Wikipedia 2020). 

 Bir toplama , iki veya daha fazla 
 (audio mixing) 

devredir (Wikipedia 2020). 



 
 

78 
 

toplama 5-
4.16'te verilmektedir. 

-4.18-  

 

15.  R1 = 500K , R2 = 1000K , Rf = 1000K    

 

ekil 4.16. R1 = 500K 00K , Rf = 1000K    
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17. Toplama  

 

18. Toplama -  
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19.  

  

S
 Temel 

gerilim gerilim sinyali 
narak gerilimi,   (Solid 

Fluid System Solutions 2020). 

 

20.     

 

 s . 



 
 

81 
 

 
 (4.14) 

 
 (4.15) 

 
 (4.16) 

  (4.17) 

 
 (4.18) 

 

  ise: 

 
 (4.19) 

 

 ise: 

  (4.20) 

  (4.21) 

    (4.22) 

 

 ve  
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  (4.23) 

 (fark) : 

 Fark (diferansiyel) , hem eviren hem de evirmeyen bir 
kombinasyonudur. Fark gerilim eri besleme 

 (Wikipedia 2020). 

 veya ses kontrol  
(Wikipedia 2020). 

 , g  (Wikipedia 2020). 
 

 21-4.22'te 

verilmektedir.  

23-4.25'd  

 

21. R1 = 500K 00K , R2 = 1000K , Rf = 1000K    
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22. R1 = 50K 0K , R2 = 1000K , Rf = 1000K    

 

23.   
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24.  -  

 

25.   
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ler. Eviren bir  geribesleme 

 . 
integral y , entegrasyonun 

 devresidir. Op-amp  entegr geriliminin 
integraliyle gerilimi mektedir (Tutorialspoint 2020). 

 

26.    

 

Bir  gerilim,   

  (4.24) 

  (4.25) 

  (4.26) 

  (4.27) 

 

Op-amp'in  (ideal op-amp), op-amp 

denkleminden 
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  (4.28) 

  (4.29) 

  (4.30) 

 

: 

 Op-amp  
. 

  

2020). 

integral 27-4.28'te 
verilmektedir.  

29-4.31'd  
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27. R = 1M , C =  

 

28.  



 
 

88 
 

 

29.   

 

30.  -  
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31.  

 

  

gerilimin 
   pasif, 

olanlar da aktif 
 (Tutorialspoint 2020).  

 

 

32.    
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  (4.31) 

  (4.32) 

  (4.33) 

  (4.34) 

  (4.35) 

  (4.36) 

  (4.37) 

 

 : 

 le 
 (Wikipedia 2020). 

 
 (Wikipedia 2020).  

 33-4.34'te 
verilmektedir.  

35-4.37'd  
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33.    

 

34.    
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35.  

 

36.   -  
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37.  
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5. S  

 

-
AG 

ile -
-

G 

 

 

G teknolojileri 
- - 
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