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Goal
The goal of this module is to provide students with the skills and abilities to describe the characteristics of an electrical capacitor and analyze its behavior in DC and AC circuits.

Objective
Learner will be able to:

· Define capacitance and calculate the total value of capacitance in series. 
· Explain the formula and calculate the total value of capacitance in parallel circuits. 
· Define current and voltage and calculate their values in capacitive DC circuits.
· Explain the formula and calculate current and voltage in capacitive AC circuits.
 
.
Orienting Questions  
· How does one describe the basic structure and characteristics of a capacitor?
· How is total capacitance in series and parallel circuits calculated?
· How do capacitors behave in DC or AC circuits?







Introduction                                                                    [image: C:\Users\mohajer_f\Pictures\assist pictures\Electrolytic_capacitor_pressure_release_valve_blown.jpg] 
	Inside of electrical devices are many different components, each one doing something important. Capacitors are used in many circuits and have a very useful function. Capacitors store electrical energy inside the component, this energy is discharged slowly or quickly. You will learn how to deal with a capacitor in both DC and AC circuits and how a capacitor works.

7.1 capacitors
	Capacitors have a simple construction and come in various shapes and sizes. There is a unit for capacitors that measures the capacitance of the capacitor, but there will be more on that later in the section. First you will learn about the construction of the capacitor and some properties of capacitors.

7.1.1 Basic capacitors
	A basic capacitor has two conductive plates with two connecting leads coming off the plates. Between the plates is a dielectric, which is an insulating material. Figure 7.1 is a visual of the basic capacitor construction.
[image: File:Parallel plate capacitor.svg]
		Figure 7.1 Parallel plate capacitor.svg (by inductiveload)
[image: File:Capacitor schematic with dielectric.svg]	When the capacitor is uncharged or in a neutral state, the two plates of the capacitor have the same number of free electrons. When it is connected in a DC circuit, positive charge builds up on one plate while negative charge builds on the other plate. See Figure 7.2.


Figure 7.2 Capacitor schematic with dielectric.svg (by Papa November)
The charging process will continue until either the voltage across the capacitor equals the source or it is disconnected from the circuit. The capacitor holds the charge even while disconnected. The length of time that the charge remains depends on the type of the capacitor. 
	Capacitors are rated based on capacitance, a measurement of the capacitor’s ability to store a charge. Capacitance is measured in the unit farad (F). One farad is the capacitance when one coulomb (C) of charge is stored with one volt across the plates. The following formulas show how capacitance, charge, and voltage are related. C is capacitance, Q is charge, and V is voltage.	Comment by Windows User: You colored it but you didn’t define it. Do I need to know what this is?
	C = Q / V     capacitance = charge divided by voltage
	Q = C V       charge = capacitance times voltage
	V = Q / C     voltage = charge divided by capacitance
EXAMPLE 1
A capacitor is rated for 45 µF.  14 V is applied across the plates. What is the charge?
		Plug the values into the equation and calculate.
		Q = CV
              	Q = (45µF) x 14 v
		Q = 630 µC
(45 x 10-6F)  (14V) = 630 µC
EXAMPLE 2
If 360 µC of charge is being stored while 9 V is applied across a capacitor. What is the capacitance?
		Capacitance is equal to the charge divided by the voltage. 
		C = Q / V
C = 360 x 10-6C / 9V
C = 0.4 µF
		 Remember to be careful with unit prefixes. 

EXAMPLE 3
What is the voltage across a capacitor rated at 10 µF that is storing 4 µC of charge?
		Plug the values into the correct equation.
		V = Q / C 
Then calculate the voltage. 
V = 4 x 10-6C / 10 x 10-6  
V = 0.4 v
		4 µC / 	10 µF = 0.4V		 

[image: Stop by paulo_tavares - Stop traffic sign]
  Complete the following activities                                                         before proceeding to the next section.

7.1.1 TEST YOUR SKILLS

1. Capacitor rated at .3 µF when 20 V is applied across the plates. What is the charge?
2. 199 µC of charge is being stored with only 4 V applied.  What is the capacitance?
3. A 6 µF capacitor is storing a charge of 763 µC. What is the voltage across the plates of the capacitor?

Answers are at the end of the module.
7.1.2 properties of capacitors
	Capacitors do have a voltage rating, which is the maximum amount of DC voltage that the capacitor can withstand without damage. This is often referred to as either the breakdown or working voltage. The temperature does affect the capacitance; temperature coefficient indicates the direction and amount of charge in a capacitance value with temperature. Sometimes a rise in temperature results in a rise in capacitance, or temperature increases and capacitance decreases.
	Nothing is perfect, capacitors are no exception. Over time the charge on a capacitor will leak away. This is due to the dielectric conducting a very small amount of current.
	The capacitance has to do with the plate area. (Only the overlapping area of the two plates counts towards the capacitance, not the whole plate.) The closer the plates the more capacitance; while further apart means less capacitance (the thickness of the dielectric.) The only thing left that affects how much capacitance a capacitor has is the dielectric itself. Different materials are used to alter the amount of capacitance. Dielectric constant or relative permittivity is a measure of a material’s ability to establish an electric field.  
Following is the dielectric constant (symbolized by εr) of some common dielectric material:
· Air (vacuum)	1.0	
· Teflon   2.0	
· Paper (paraffinic)    2.5	       
· Oil   4.0	
· Mica   5.0	    
· Glass    7.5	
· Ceramic 1200
To find the capacitance based on the physical properties, the following formula is used:
C = (A . ε¬r (8.85 x 10-12 F/m) ) / d

C is capacitance (F)
A is plate area (m2)
ε¬r is the dielectric constant
d is the plate separation (m)





EXAMPLE 4
	A capacitor has a plate area of .04 m2 and a plate separation of 36 µm. If the dielectric is Teflon, what is the capacitance?
		Plug in the values into the numerator of the equation. 
0.04 m2 x 2 x (8.85 x 10-12 F/m)
	            Solve the numerator of the equation and divide that by the plate separation.
(7.08 x 10-13) / (36 x 10-6) = 19.67 nF		
		 
Figure 7.3 shows different types of capacitors. While Figure 7.4 shows a cut away view of a ceramic disk capacitor and Figure 7.5 shows a cut away of a ceramic capacitor.
[image: File:Condensators.JPG]
			Figure 7.3 Condensators.JPG (by de:Benutzer:Honina)

[image: File:Ceramic Disc Capaictor.svg]		[image: File:Capacitor.svg]
	        Figure 7.4							Figure 7.5
Ceramic Disc Capaictor.svg (by inductiveload)			Capacitor.svg (by Cyril BUTTAY)

There are different ways to symbolize the capacitor for a circuit. Figure 7.6 shows the circuit symbol for a capacitor that will be used throughout this chapter. 
[image: Thumbnail for version as of 23:37, 21 July 2005]
Figure 7.6 Capacitor symbol.png (by Jim Osburn)

[image: Stop by paulo_tavares - Stop traffic sign]
  Complete the following activities                                                         before proceeding to the next section.



7.1.2 TEST YOUR SKILLS

1. What is the capacitance if the plate area is 0.76 m2, the plate separation is 0.5 µm, and the dielectric is oil?

2. If the plate separation is 10 µm, the plate area is 0.2 m2, and the dielectric is air (vacuum), what is the capacitance?


3. If dielectric is glass, the plates have an area of 0.13 m2, and a separation distance of 0.125 mm, what is the capacitance?

Answers are at the end of the module.

LEARNING OBJECT 
Click on the Hyperlink to Review Learning Object:     Capacitors: What's Inside?

7.2 series capacitors
	As you would guess, there will not always be a right sized capacitor for your circuit. Capacitors like any other component can be placed in series to change the amount of capacitance. There are differences in the way that you handle a capacitor in series versus a resistor. 
	When capacitors are connected in series, the total capacitance is less than that of the smallest capacitor, much like resistors in parallel. Thus the equation to calculate the total capacitance is the same, just different symbol. The equation for calculating total capacitance for two capacitors in series is as follows:Equation for Calculating Total Capacitance for 2 Capacitors in Series 
CT = (C1 * C2) / (C1 + C2)



EXAMPLE 5
	What is the total capacitance for a 3 µF capacitor connected in series with a 12 µF capacitor?
First plug in the capacitor values into the equation. Since both values are µF, so the answer will also be in µF. 
		CT = (C1 * C2) / (C1 + C2)
		CT = (3 x 12) / (3 + 12)
 		(36) / (15)= 2.4 µF
Remember to perform the operations within the parentheses before you divide.				
EXAMPLE 6
If a 2 µF and a .4 µF capacitor are connected in series, what is the total capacitance?
Put in the values. Again both are µF. 
(2 x .4) / (2 + .4) = 0.3333 µF			 
This answer could be converted to nanoFarads. Which would be 333.3 nF.
However, most circuits will include more than two capacitors. Three or more capacitors in series require a different equation, which is as follows:Equation for Calculating Total Capacitance for 3 or More Capacitors in Series 
CT = 1 / (1/C1 + 1/C2 + 1/C3 + 1/C4 + … + 1/Cn)





EXAMPLE 7
A 2 µF, 6.7 µF, and a 1 µF capacitor are connected in series. What is the total capacitance?
CT = 1 / (1/C1 + 1/C2 + 1/C3 + 1/C4 + … + 1/Cn)
Calculate inside the ( ) first, following the correct order of operations-- divide before you add—or use a scientific calculator.
(1 /2 µF + 1 / 6.7 µF + 1 / 1 µF)=1649253.731	
Then divide one (1) by what you calculated.
1 / 1649253.731 =0.606 µF					
EXAMPLE 8
A 4.5 µF, 29 µF, and a 36 µF capacitor are connected in series. Calculate the total capacitance.
Calculate what’s in the ( ) first.
1 / 4.5 µF + 1 / 29 µF + 1 / 36 µF=	
Then divide one by what you calculated.
1 / 284482.7586=3.515 µF				
The voltage across a capacitor in series still depends on the V=Q/C. However to calculate the voltage across one capacitor, all the capacitors have to be taken into account. Use the following equation for the voltage across one capacitor:
Vx = (CT / Cx) VS

 Cx is any capacitor in the series, 
VS is the voltage source, 
CT is the total capacitance, and 
Vx  is the voltage across Cx.




EXAMPLE 9
Two capacitors rated at 5 µF and 12 µF are connected in series (see Figure 7.7). If a voltage source of 3 V is applied, what is the voltage across the 5 µF capacitor?
[image: ]
Figure 7.7 Circuit schematic of two series capacitors with DC voltage applied (by F. Mohajer-multisim

Vx = (CT / Cx) VS
First find the CT.
 (5 x 12 ) / (5 + 12 )= 3.529 µF
Calculate the CT / Cx
3.529 µF / 5 µF=0.7058
Multiply by the VS
.7058 x 3 V= 2.18 V


[image: Stop by paulo_tavares - Stop traffic sign]
  Complete the following activities                                                         before proceeding to the next section.


7.2 TEST YOUR SKILLS

1. If a 57 µF and a 10 µF capacitor were connected in series, what would be the total capacitance?

2. Four capacitors connected in series are rated as follows; 23 µF, 30 µF, 10 µF, and 45 µF. What is the total capacitance?


3. The total capacitance is 15 µF. If 6 V is applied, what will be the voltage across a 27 µF capacitor?

Answers are at the end of the module.
LEARNING OBJECT 
Click on the Hyperlink to Review Learning Object:  Series Capacitance: Practice Problems

7.3 parallel capacitors
	Seeing that capacitors in series act the same as resistors in parallel, you would think that capacitors act the same as resistors in series. That is correct. Capacitance builds (adds up) the more capacitor that are in parallel. Regardless of how many capacitors there are in parallel, the total capacitance is their capacitance added together. The total capacitance for capacitors in parallel:  CT = C1 + C2 + C3 + … + Cn

EXAMPLE 10
Two capacitors valued at 24 µF and 30 µF are connected in parallel. What is the total capacitance?
		Add the capacitance together.
24 µF + 30 µF= 54 µF	

EXAMPLE 11
If a .4 µF, .2 µF, .68 µF, .99 µF, and a 6 µF capacitor are placed in parallel, what will be the total capacitance?
		Add the capacitors together.
.4 µF + .2 µF + .68 µF + .99 µF + 6 µF= 8.27 µF						

Since each branch of the parallel circuit gets the same voltage, the voltages across capacitors in parallel are the same as the voltage source.


[image: Stop by paulo_tavares - Stop traffic sign]
  Complete the following activities                                                         before proceeding to the next section.

7.3 TEST YOUR SKILLS

1. If two capacitors rated at 33 µF and 66 µF are connected in parallel, what will be the total capacitance?

2. A 45 µF, 28 µF, .78 µF and a 7.8 µF are connected in parallel, what will the total capacitance be?


3. The total capacitance is 56 µF. If three capacitors are connected in parallel, and two of them are rated at 15 µF and 21 µF. What is the capacitance of the 3rd capacitor? 

Answers are at the end of the module.
LEARNING OBJECT 
Click on the Hyperlink to Review Learning Object: Parallel Capacitance: Practice Problems

7.4 capacitors in dc circuits
	When a capacitor is placed in a DC circuit that is closed (current is flowing) it begins to charge. Charging is when the voltage across the plates builds up quickly to equal the voltage source. Once a capacitor reaches its fully charged state, the current flow stops.
	As stated earlier, once a charged capacitor is disconnected from a circuit it will remain charged. To discharge a capacitor, it will need to be placed in a closed circuit without a voltage source. Most of the time a wire is used to connect the two ends of a capacitor for rapid discharging. However, that is dangerous and caution should be used when discharging a capacitor. 
	RC or resistor capacitor circuits are a basic type of circuit. The charging or discharging of a capacitor requires time, and different capacitors have different charging times. The RC time constant is the fixed time interval which is equal to the resistance times the capacitance in a series RC circuit. The time constant determines the charging/discharging rate for a capacitor. See the following equation:

τ = R x C

 R is resistance, 
C is capacitance, 
τ is RC time constant







EXAMPLE 12
Find the time constant for the following RC circuit: a 500 Ω resistor and a 20 µF capacitor.
		Plug the values into the equation.
τ =500 Ω x 20 µF			
		Solve. The time constant unit is seconds.
τ =.01 s	
			
EXAMPLE 13
If a 3.5 kΩ resistor is connected to a .5 µF capacitor, what will the time constant be?
		Multiply the resistance and the capacitance.
τ =3500 Ω x .5 µF			
		Solve.
τ =.00175 s or 1.75 ms		

	Charging and discharging of a capacitor on a graph is not linear. It has an exponential curve to the charging and discharging. See Figure 7.8 for the charging curve. 
[image: File:Series RC capacitor voltage.svg]
Figure 7.8 Series RC capacitor voltage.svg (by Ktims)

Note that the graph is broken down into five time constants. In five time constants the capacitor reaches 99% (rounded to 100%) charging or discharging. Transient time is the five time constants or the time to fully charge/discharge a capacitor.
To calculate the charging/discharging voltage and current of a capacitor use the following equations:
v = VF + (Vi – VF) . e-t/τ

v is instantaneous voltage, 
VF is final voltage 
Vi  is  initial voltage 
e is exponential number 
t is time 
τ is time constant








i = IF + (Ii – IF) . e-t/τ

i is instantaneous current, 
IF is final current 
Ii  is  initial current
e is exponential number 
t is time 
τ is time constant











However, most of the charging will be calculated from zero. To calculate the voltage/current from zero the following equation is used:
v = VF (1 – e-t/(RC))

v is instantaneous voltage, 
VF is final voltage 
e is exponential number 
t is time 
τ is time constant








EXAMPLE 14
After 2 seconds what is the charged voltage in the RC circuit: a 200 Ω resistor, a 4 µF capacitor, and a 6 V voltage source (see Figure 7.9).
[image: ]
Figure 7.9 Circuit schematic with resistor connected to a capacitor and DC voltage source (by Farhad Mohajer-multisim)

		Calculate the exponent. 
-2 / (200 Ω x 4 µF)		 
		Using the exponent, calculate what’s inside the ( )
1 – e-2500			
		Multiply that by the voltage source (the final voltage.) 
6 V x 1
		Solve.
v = 6 V	

EXAMPLE 15
If only .5 seconds pass from the time that the switch is thrown and 9 V is applied to 3.5 k Ω resistor and a 15 µF capacitor (see Figure 7.10). What is the charge on the capacitor?
[image: ]

Figure 7.10 Circuit schematic DC voltage connected to a RC circuit (by F.  Mohajer-multisim)

		Find the exponent.
-.5 / (3500 Ω x 15 µF)	=	
		Calculate what’s inside the ( )
1 – e-9.5238=		
		Multiply by the final voltage.
9 V x .9999=			
		Solve.
v = 8.999 V				

Calculating the discharge is similar to the charging, but the equation is different. Since discharging ends at zero, the equation is simplified to:

v = Vi . (e-t/(RC))

v is instantaneous voltage, 
Vi  is  initial voltage 
e is exponential number 
t is time 
τ is time constant








EXAMPLE 16
A capacitor charged to 5 V is discharged for .2 seconds. The capacitor is rated at 5 µF and the resistor is 1000 Ω. Is the capacitor completely discharged?
		Calculate the exponent.
-0.2 / (1000 Ω x 5 µF)	
		Plug in the values.
5 V x e-40			
		Find the remaining voltage.
2.124 x 10-17 V			
		Since the voltage left is practically zero, the capacitor is discharged. 
Capacitor is discharged.




EXAMPLE 17
	A 35 µF capacitor has a 10 V charge on it. If it is connected to a 2 k Ω resistor for .1 seconds, what is the remaining charge?
		Find the exponent.
-.1 / (2000 Ω x 35 µF)		
		Plug in the values.
10 V x e-1.4286			
		Solve.
v = 2.397 V				

Figure 7.11 shows the effect a capacitor has on a square wave. Instead of pulsing up, the wave slowly charges up to the max value. Then it slowly discharges the voltage, rather than drop down to zero.
[image: File:Capacitor Square wave charge-discharge.svg]
Figure 7.11 Capacitor Square wave charge-discharge.svg (by inductiveload)
[image: Stop by paulo_tavares - Stop traffic sign]
  Complete the following activities                                                         before proceeding to the next section.

7.4 TEST YOUR SKILLS
1. If a .2 µF capacitor is connected to a 5 k Ω resistor, what will the time constant be?

2. A 5 µF capacitor is connected to a 750 Ω resistor with 15 V as the voltage source (see Figure 7.12). What is the charge after .25 second?

[image: ]
Figure 7.12 Circuit schematic of RC with DC voltage (by Farhad Mohajer-multisim)

3. 25 V is stored on a 12 µF capacitor. If the capacitor is connected to a 5000 Ω resistor for .55 seconds, what is the remaining charge on the capacitor?

Answers are at the end of the module.
LEARNING OBJECT 
Click on the Hyperlink to Review Learning Object:     RC Time Constant

7.5 capacitors in ac circuitS
	Capacitors in AC circuits are trickier than DC. This is due to the alternating current. In AC circuits capacitors resist the current. The capacitive reactance is the capacitor resisting the sinusoidal current and is symbolized by XC. Since it is resisting the flow of current the unit for capacitive reactance is ohm. It is dependent on both the frequency and the capacitance, see the following equation:


XC = 1 / (2 π f C)
XC is capacitive reactance (Ω), 
f is frequency (Hz) 
C is capacitance (F)






EXAMPLE 18
An 8 µF capacitor is connected to a 6 Vrms with a frequency of 400 Hz (see Figure 7.13). What is the capacitive reactance?

                                                [image: ]
Figure 7.13 Circuit schematic with one capacitor connected to a AC voltage source (by F. Mohajer-multisim)
		
Calculate the bottom part of the equation.
2 x π x 400 Hz x 8 µF			
		Then take one divided by what you calculated.
1 / .02011				
Solve. The 6 Vrms was unimportant for solving the capacitive reactance.
XC =49.74 Ω	

		 
EXAMPLE 19
If 10 Vrms with a frequency of 3 kHz is applied to a 60 µF capacitor (see Figure 7.14), what will the capacitive reactance be?
                                                              [image: ]
Figure 7.14 Circuit schematic AC voltage connected to one capacitor (by F. Mohajer-multisim)
		
		Calculate the denominator.
2 x π x 3000 Hz x 60 µF			
		One divided by the denominator.
1 / 1.13097				
		Solve.
XC =0.884 Ω					

Whenever the capacitors are in series and AC is applied, the capacitive reactance for each capacitor behaves as resistors do.  The XC is added together for capacitors in series. See the following equation:

Equation for Calculating Total capacitive reactance for 3 or More Capacitors in Series 

XC(total) = XC1 + XC2 + XC3 +….+ XCn  



EXAMPLE 20
A voltage source has a frequency of 700 Hz and two capacitors rated at 2 µF and .03 µF are connected in series (see Figure 7.15). What is the total capacitive reactance?

[image: ]
Figure 7.15 Circuit schematic AC voltage source with two series capacitors (by F. Mohajer-multisim)
	Calculate the capacitive reactance for both capacitors.
XC1 = 1/(2 π 700 Hz x 2 µF) 	           XC2 = 1/(2 π 700 Hz x .03 µF µF)	 
XC1 = 113.68 Ω			XC2 = 7578.81 Ω			
 Add them together for the XC(total)
XC(total =113.68 Ω + 7578.81 Ω = 7692.49 Ω			
Since the capacitive reactance acts the same as resistors, when capacitors are in parallel you calculate the capacitive reactance using the following equation:

Equation for Calculating Total capacitive reactance for 3 or More Capacitors in parallel
XC(total) = 1 / ( 1/ XC2 + 1/ XC2 + 1/ XC3 + …. + 1/ XCn ) 
For two capacitors, you can use the following equation:
XC(total) = ( XC1 XC2 ) / ( XC1 + XC2 )






EXAMPLE 21
What is the capacitive reactance for the following circuit (Figure 7.16), a 4 µF and a .06 µF capacitor connected in parallel with a source voltage that has a 900 Hz frequency?
[image: ]
Figure 7.16 Circuit schematic two capacitors in parallel with AC voltage source (by F. Mohajer-multisim)
		Find the capacitive reactance for each capacitor.
XC1 = 1/(2 π 900 x 4 µF)   XC2 = 1/(2 π 900 x .06 µF)	 
		XC1 = 44.21 Ω		  XC2 = 2947.31 Ω		
		Calculate the total.
XC(total) = (44.21 Ω x 2947.31 Ω)/ (44.21 Ω + 2947.31 Ω)   
		Solve.
XC(total) = 43.56 Ω					

Ohm’s Law still applies to figure out the circuit. With capacitors, the capacitive reactance is used instead of resistance (even though they are basically the same). So the equation looks like this:

I = V / XC
V = I XC

EXAMPLE 22
	What is the current when a 6 Vrms with a frequency of 2 kHz is applied to a .2 µF capacitor (see Figure 7.17)?
[image: ]
Figure 7.17 Circuit schematic one capacitor connected to AC voltage source (by F. Mohajer-multisim)
		Calculate the XC.
1/(2 π 2000 Hz x .2 µF)		
		Current is the voltage over the XC.
6 Vrms / 397.89 Ω		
		Solve. Keep in mind whether it is rms, pp, or p values.
I =0.015 Arms	 		


Earlier voltage across one capacitor was calculated using capacitance. You can achieve the same results using the capacitive reactance. See the following equation:
Vx = ( XCx / XC(total) ) Vs
XCx is the capacitive reactance of the capacitor with unknown voltage 






EXAMPLE 23
What is the voltage across a 4 µF capacitor connected in series to a .75 µF, with a voltage source of 6 Vrms and a frequency of 850 Hz (see Figure 7.18). 
[image: ]
Figure 7.18 Circuit schematic two capacitors in series with AC voltage source (by F. Mohajer-multisim)
Calculate the XC for the capacitors.
XC1 = 1/(2 π 850 Hz x 4 µF)	                 XC2 = 1/(2 π 850 Hz x .75 µF) 	 
XC1 = 46.81 Ω			                 XC2 = 249.65 Ω			
XC(total) = 296.46 Ω
Plug the values into the equation.
Vx = (46.81 Ω / 296.46 Ω) x 6 Vrms			
Solve.
Vx = .947 Vrms						
Instantaneous power is the instantaneous current times the instantaneous voltage. It allows you to see the power at any point, as long as current and voltage are known.
Ideally all the power would be stored and then returned to the circuit. The result is the true power, which is the power lost or dissipated in a circuit, typically as heat, being zero. But a small amount of total power is lost because the capacitors are not perfect.
Reactive power (Pr) is the rate that energy is either stored or returned from a capacitor. The unit for reactive power is VAR (volt-ampere reactive).To find the Pr the following equations are used:
Pr = Vrms Irms
Pr = V2rms / XC
Pr = I2rms XC







EXAMPLE 24
If the source voltage is 6 Vrms and the XC is 356 Ω, what is the reactive power?
		Plug the values into the correct equation.
Pr = 6 2 Vrms / 356 Ω		
		Solve.
Pr = .101 VAR			

[image: Stop by paulo_tavares - Stop traffic sign]
  Complete the following activities                                                         before proceeding to the next section.

7.5 TEST YOUR SKILLS

1. A .003 µF capacitor has 9 Vrms with a frequency of 6 kHz voltage source applied to it (see Figure 7.19). What is the capacitive reactance?
[image: ]
Figure 7.19 Circuit schematic AC voltage scource one capacitor (by F. Mohajer-multisim)
2. A .046 µF and a .076 µF capacitor are connected in series with a voltage source that produces 10 Vrms at a frequency of 10 kHz (see Figure 7.20). What is the total capacitive reactance? 

[image: ]
Figure 7.20 Circuit schematic two capacitors in series (by F. Mohajer-multisim)


3. If a .05 µF and a .094 µF capacitor were connected in parallel and 3 Vrms at a frequency of 789 Hz was applied (see Figure 7.21). What would the total capacitive reactance be equal to?

[image: ]
Figure 7.21 Circuit schematic two capacitors in parallel (by F. Mohajer-multisim)


4. An AC source with voltage value of  5 Vrms and  frequency of 678 Hz  is connected to a .089 µF capacitor (see Figure 7.22), what would be the resulting current?
[image: ]


Figure 7.22 Circuit schematic AC voltage source one capacitor (by Farhad Mohajer-multisim)


5. Two capacitors in series are rated at .12 µF and .05 µF are connected to a voltage source of 10 Vrms that has a frequency of 975 Hz (see Figure 7.23). What is the voltage across the .12 µF capacitor?
[image: ]
Figure 7.23 Circuit schematic two series capacitors with AC voltage (by Farhad Mohajer-multisim)



6. Using the current and voltage source from problem 4, calculate the reactive power for the circuit.


Answers are at the end of the module.




LEARNING OBJECT 
Click on the Hyperlinks to Review Learning Objects:    
 Capacitive Reactance
Capacitive Reactance Practice Problems



[image: video-icon by Farmeral - a button I made for choosing video download] Click on the video icon to watch Series Resistor- Capacitor Circuit

The transcript for this video is available below:
Series Resistor- Capacitor Circuit
Let’s take a look at a Series RC circuit, an RC circuit that stands for resistor and capacitor. Notice our volt source here; this is an AC voltage source. We have our resistance and we have our capacitance. Let’s take this circuit and let’s let the resistor equal five hundred and seventy three ohms. We are going to let our capacitor equal three point five microfarads, our source voltage is going to equal fifty-four volts and it will be operating at a frequency of one hundred- twenty hurts. In this video, I am going to explain step by step how to work out a series or RC circuit.  Here is our circuit, notice our fifty-four volt source operating at a one hundred twenty hurts, we have a five hundred- seventy-three ohm resistor, and a three point five microfarad capacitor. The very first thing we are going to do is we have to convert this three point five microfarad capacitor to a resistance.  A capacitor opposes current flow and that opposition current flow capacitor is called a capacitive reactance which is X sub C. The formula for X sub C is equal to one divided by two times pie times the frequency times the capacitor value. So of I take  two and multiply it by pie, which is a constant three point four times the frequency, which in this case, is one hundred and twenty hurts,  times the capacitor value which in this case is three point five microfarads, I will come up with an answer of X of C of three hundred seventy- nine ohms. So in this particular circuit, I have a resistor that has five hundred seventy- three ohms of resistance, and I have three point five microfarad capacitor that is going to oppose the one hundred twenty hurts, fifty-four volts at three hundred seventy-nine ohms. This is how much resistance this capacitor will offer in this particular circuit. After we find the capacitive reactance we want to find the total opposition current in this circuit. I have a resistor and a capacitor; both of these are offering a resistor to the current produce by the fifty volt source. That total opposition current is impedance; Z is impedance, the total opposition of sinal soda current. The formula for impedance is the square root of R square plus X of C square. So I am going to take the R, which is five hundred seventy-three ohms and the X of C, which is three hundred seventy-nine ohms, so I am going to have five hundred seventy-three ohms square plus three hundred seventy- nine ohms square, add them together and then I am going to take the square root of it. The answer I get is six hundred eighty-seven ohms. You need to practice this calculation with your calculator until you come up with six hundred eighty-seven ohms. The six hundred and eighty-seven ohms is the total opposition current in this circuit. After find the repentance we can find the total current and for total current, I am simply going to use Ohms Law, which is the source voltage divided by the total opposition current which is Z.  So the source voltage is fifty- four volts, the total opposition current is six hundred eighty-seven ohms. And when I make that calculation I come up with a current of seventy-eight point six milliamps. 
Next we are going to find the phase angle, the formula for phase angle is the inverse tangent of the capacitor reactants divided by the resistant. The capacitor resistances for the circuit, we calculated the three hundred seventy-nine ohms. And R for this circuit of the resistor is five hundred seventy-three ohm resistor. Now I am going to take  the three hundred seventy-nine ohms and divide it by the five hundred seventy-three resistor and then on my calculator you have to find the inverse tangent key and I will push that and for this circuit the faze angle you should get thirty-three point forty-eight degrees. So you need to perform this calculation over and over again on your calculator until you come up with thirty-three point forty-eight degrees. 
The next thing we are going to find is voltage drop across the resistor and the voltage drop across the capacitor and you already know that Ohms Law for voltage drop is I times R, so if I am looking for the voltage drop across the capacitor, it is going to be the total current times the only resistor here R1. In the capacitor will also be the total current times, now the opposition current in a capacitor is measured in capacitor X of C, the compasses reactance, so I am simply going to take the total current times the capacitive reactance to find the voltage drop across the capacitor. When I crunch these number which is the total current, remember was seventy – eight point six milliamps, the resistor value was five hundred-seventy-three ohms, when I crunch these number, I come up with forty-five volts and remember the capacitor reactance was three hundred- seventy-nine ohms times the total current of seventy-eight point six milliamps, and when I crunch that number, I come up with twenty-nine point seventy-nine volts. You need to practice both of these equations on your calculator until you come up with these numbers. At this point, you will come across a question that says “the total current leads the source voltage by what? And this is going to be our phase angle. The phase angle, which we calculated a few steps earlier, was thirty three point four-eight degrees. Now let’s talk about what this thirty-three point forty-eight degrees means.   At this point we are going to draw a phaser diagram for a circuit, for a resistive capacitive circuit, how phaser of our diagram is going to look like this. On the X horizontal, I am going to draw the phaser presenting the voltage drop across the resistor. Then at negative ninety degrees, I am going to draw the phaser that presents the voltage drop across the capacitor. These two phasers will always be like this. The voltage drop across the resistor will always lead the voltage drop across the capacitor by ninety degrees. ALWAYS. These two phases never change, what changes is the source voltage, the capacitor and the circuit causes a phase shift between the total current in the circuit and source voltage. And for a passive circuit the source voltage is going to phase shift behind the total current. The total current, by the way, always is in phase with the voltage drop across the resistor. So as you can see my total current here in red, my source voltage here in black, the phase angle fada is going to be right there, and the phase angle fada, we said, was thirty- three point forty-eight degrees. We have calculated that the voltage drop across the resistor was forty- five volts; we calculated that voltage drop across the capacitor was twenty-nine point seven-nine volts, and we had a source voltage of fifty-four volts. This is what the capacitor does to a resistive capacitor circuit. The capacitor causes a phase shift between the source voltage and the total current and for this particular circuit the phase shift is thirty-three point forty-eight degrees. 
Next we want to calculate the power in the circuit; there are three different powers that we are going to deal with. The first power is going to be the True Power; true power is power that is dissipated form of heat or like energy. In a resistor, when current flows through an element the electrical energy is converted into heat or light. The formula I am going to use is going to be the total current square times the resistor.
The second power that we need to understand is called the Reactive Power, the reactive power, is a measure of how much energy is stored in the electric field in the capacitor during a portion of sign wave and then returned to the source during the other portion of the sign wave.  And the formula for this is going to be the total current squared times the capacitive reactants. 
Then the third power that we are going to deal with is the Apparent Power, the apparent power is how much power the circuit appears to use all together and that is going to be the formula for this is the total current squared times impedance of the circuit. Now true power is going to be measured in watts, the reactive power is going to be measured vars, and the apparent power is going to be measured in volts amps. Now for this particular circuit, when I calculate the true power, I will take the total current, which is seventy-eight point six milliamps, then I am going to square that then I am going to multiply by the resistor, which is five hundred-seventy- three ohms, and I come up with three point five-four watts, then when I calculate the reactive power, I am going to take the total current seventy- eight point six milliamps square it and multiply by it by the  capacitive  reactants of three hundred seventy- nine ohms and I come up with two point three- four Vars. Then for the apparent power, I am going to take the total current and square it multiple it by Z, the total in pediments of the circuit, and I come up with four point two-four volt amps. And that brings us up to what is call the Power Triangle, for a power triangle, on the X horizontal line we are going to measure the watts, on the negative Y  vertical, it is going to be measured in reactive power which is the vars,  hypotenuse of these two is the volt apes. For the power triangle, our wattage we calculated was three point five-four watts, the vars was two point three-four, and the volt amps were four point two-four. And that brings us up to last elation, which is the power factor. The formula for power factor is simply the co-sign of angle fada. Power factor is simply the ratio of the thru power to the reactive power. In other words, in our circuit, how much of the electrical energy has been converted into heat and how much of the electrical energy has been stored in our electrical field in the capacitor. The way we find that is our phase for this circuit was thirty-three point forty-eight degrees, so I will simply use my calculator and type in thirty-three point forty-eight degrees, hit the co-sign T on the calculator and for this circuits, I come up  with an answer of point eight-three. If I take the co-sign of angle zero degrees you come up with number one. If I take the co-sign of angle ninety degrees, you get zero. If I have a phase angle of ninety degrees that would mean that my circuit was purely capacitive , which means, all of my imagery is being stored in the electrical field of the capacitor and a portion of the sign wave returns to the source during the other portion, no work is being done, however if  my phase angle was zero degrees I would have a power factor of one, which would mean my circuit is purely resistant, which means all the electrical energy in the circuit is being converted into heat and light energy. 





Major Concepts 
Key Concepts
· Capacitors
· Learn how a capacitor works and how it stores a charge. Learn the different types and looks of a capacitor. Learn to calculate the capacitance based on physical properties, as well as the amount of charge on the capacitor.
· Capacitance
· Be able to figure total capacitance when capacitors are connected in series or parallel.
· Charging/discharging
· Be able to calculate and predict the amount of DC voltage across a capacitor using the RC time constant. Also be able to calculate the discharge/charging on a capacitor after x amount of time.
· Capacitive reactance
· Calculate the current and voltage based on Ohm’s Law when a capacitor is connected to an AC power supply. Be able to calculate the capacitive reactance for capacitors in series or parall
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	Across

	7.
	The rate that energy is either stored or returned from a capacitor. 

	10.
	The capacitor resisting the sinusoidal current and is symbolized by XC. 

	12.
	The instantaneous current times the instantaneous voltage. 

	13.
	A measurement of the capacitor’s ability to store a charge.



	

	Down

	1.
	Indicates the direction and amount of charge in a capacitance value with temperature. 

	2.
	A measure of a material’s ability to establish an electric field. 

	3.
	The power lost or dissipated in a circuit typically as heat. 

	4.
	An insulating material between the plates inside of a capacitor.

	5.
	The five time constants or the time to fully charge/discharge a capacitor. 

	6.
	The voltage across the plates building up quickly to equal the voltage source.

	8.
	The fixed time interval which is equal to the resistance times the capacitance in a series RC circuit. 

	9.
	The unit for reactive power.

	11.
	The unit for capacitance.





Bottom of Form
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Key Terms
	Dielectric
	An insulating material between the plates inside of a capacitor.


	Capacitance
	A measurement of the capacitor’s ability to store a charge.


	Farad (F)
	The unit for capacitance.

	Temperature coefficient
	Indicates the direction and amount of charge in a capacitance value with temperature.


	Dielectric constant
	A measure of a material’s ability to establish an electric field.


	Charging
	The voltage across the plates building up quickly to equal the voltage source.


	RC time constant
	The fixed time interval which is equal to the resistance times the capacitance in a 
series RC circuit.

	Transient time
	The five time constants or the time to fully charge/discharge a capacitor.


	capacitive reactance
	The capacitor resisting the sinusoidal current and is symbolized by XC.


	Instantaneous power
	The instantaneous current times the instantaneous voltage.


	True power
	The power lost or dissipated in a circuit typically as heat.


	Reactive power
	The rate that energy is either stored or returned from a capacitor.


	VAR (volt-ampere reactive)
	The unit for reactive power.





Lab 
Introduction:
You are to build a simple circuit that will allow you to see the charging and discharging curve of a capacitor. Please exercise caution when working a lab and read any warnings or instructions before using equipment. 

Materials:
One capacitor, one resistor, DC power supply, DMM meter, breadboard, oscilloscope

Procedure:
Using the breadboard you are to connect the capacitor in series with the resistor. Using the equations that you learned in this chapter, calculate the time constant for the capacitor and resistor. (You may want to change either the resistor or the capacitor to have a good time constant. Also check the resistor with the meter.)
Once your capacitor and resistor are connected and the time constant calculated, connected the oscilloscope across the capacitor. (Remember to have the oscilloscope turned on. If you are unsure about how to use the oscilloscope, refer to any instructions or manuals on it.)
With those in place, apply a small amount of voltage. (You do not want to cause damage to the capacitor or the resistor. 3 V will probably be plenty. Keep the voltage within any ratings on the components.)
Watch the display screen on the oscilloscope. You should see the charging curve, if you do not see the curve adjust the setting on the display first. If that does not solve the problem, check your wiring.
Switch off the DC power supply to the circuit. On the display you should see the discharge curve.


Assessment
True or False, Multiple Choice:  Read the following questions or statements and select the best answer.
1. If a capacitor that’s rated at 38 µF has only 3 V applied to it. What is the charge?
a. 0.114 mC
b. 0.236 mC
c. 0.589 mC
d. 1.023 mC
2. 6 V is applied to a 9 µF capacitor, what will the charge be?
a. 450 µC
b. 38 µC
c. 54 µC
d. 168 µC
3. If 15 V applied to a capacitor yields a charge of 80 µC, what is the capacitance of the capacitor?
a. 7.24 µF
b. 5.33 µF
c. 3.74 µF
d. 1.40 µF
4. A charge of 567 µC is produced by 9 V and a capacitor rated at what capacitance?
a. 48.3 µF
b. 33 µF
c. 70 µF
d. 66 µF
5. A capacitor rated at 55 µF produces a charge of 589 µC when what amount of voltage is applied?
a. 10.71 V
b. 13.36 V
c. 9.76 V
d. 7.89 V
6. When an unknown amount of voltage is applied to a capacitor rated at 13 µF it produces 987 µC. What is the voltage?
a. 84.30 V
b. 73.58 V
c. 94.29 V
d. 75.92 V
7. The area of the plates is .067 m2 and the plate separation is 84 µm. If the dielectric constant is 4.0 (oil), what is the capacitance?
a. 28.24 nF
b. 34.59 nF
c. 26. 83 nF
d. 31.27 nF
8. If 0.09 m2 area plates have a separation of 1.3 mm and the dielectric constant is 5.0 (Mica), what is the capacitance?
a. 4.24 nF
b. 3.06 nF
c. 2.70 nF
d. 2.32 nF
9. A .5 µF and a .78 µF capacitor are connected in series.  What is the total capacitance?
a. 0.873 µF
b. 0.260 µF
c. 0.305 µF
d. 0.526 µF
10. If a .4 µF, 5 µF, 8 µF, and a 6.78 µF capacitor were connected in series, what would the total capacitance be?
a. 0.336 µF
b. 0.423 µF
c. 0.359 µF
d. 0.304 µF
11. If the capacitors from problem 9 were added to the capacitors in problem 10. What would the total capacitance be?
a. 1.35 µF
b. 0.16 µF
c. 0.48 µF
d. 0.78 µF
12. If 10 V was applied to the capacitors in problem 9, what would be the voltage across the .78 µF capacitor?
a. 4.67 V
b. 3.53 V
c. 3.91 V
d. 5.23 V
13. A 10 µF, 5.68 µF, and a 7.8 µF capacitor are connected in series. If 7 V is applied to the circuit (see Figure 7.24), what is the voltage across the 5.68 µF capacitor?
a. 3.05 V
b. 2.78 V
c. 2.47 V
d. 2.39 V
[image: ]
Figure 7.24 (by Farhad Mohajer -multisim)

14. Using the same circuit from problem 13, what would be the voltage across the 7.8 µF capacitor?
a. 2.68 V
b. 2.89 V
c. 2.22 V
d. 3.12 V
15. If three .5 µF capacitors were connected in parallel with a 4.5 µF capacitor, what would be the total capacitance?
a. 3 µF
b. 6 µF
c. 8 µF
d. 10 µF
16. If a 4.2 µF, 19 µF, 15.68 µF, and a 1 µF capacitor were connected in parallel with each other, what would the total capacitance be?
a. 27.76 µF
b. 29.98 µF
c. 36.39 µF
d. 39.88 µF
17. What would be the total capacitance if the capacitors from problem 15 were added in parallel to the capacitors in problem 16?
a. 45.88 µF
b. 40.33 µF
18. Find the time constant for the following circuit, A 578 Ω resistor connected to a 34 µF capacitor (see Figure 7.25).
a. 0.0197 s
b. 0.0330 s
c. 0.0679 s
d. 0.0439 s
[image: ]
Figure 7.25 (by Farhad Mohajer-multisim)

19. If the time constant is .002 seconds and the capacitance is .06 µF, what is the resistor?
a. 36892 Ω 
b. 33333 Ω
c. 31473 Ω
d. 30275 Ω
20. A 1 kΩ resistor gives a time constant of 5 ms when connected to what capacitor?
a. 4 µF
b. 3 µF
c. 6 µF
d. 5 µF
21. If 6 V were applied to the circuit in problem 18, what would be the charge after 2 seconds?
a. 5.2 V
b. 3.4 V
c. 6 V
d. 4 V
22. If a capacitor rated at 6 µF has a charge of 5 V is connected to a 1000 Ω for only .09 seconds, does the capacitor fully discharge?
a. Charged
b. Discharged
23. An 8.73 µF capacitor is connected to a voltage source that has a frequency of 4 kHz (see Figure 7.26). What is the capacitive reactance?
a. 4.56 Ω
b. 3.78 Ω
c. 4.32 Ω
d. 4.36 Ω
[image: ]
Figure 7.26 (by Farhad Mohajer-multisim)

24. What would the capacitive reactance be if the capacitor in problem 23 was doubled and the frequency dropped to 3.5 kHz?
a. 2.53 Ω
b. 2.78 Ω
c. 2.80 Ω
d. 2.60 Ω
25. If two capacitors both rated at 4.6 µF were connected in series with a voltage source that had a frequency of 780 Hz (see Figure 7.27), what would be the total capacitive reactance?
a. 89.24 Ω
b. 88.32 Ω
c. 88.72 Ω
d. 88.51 Ω
[image: ]

				Figure 7.27 (by Farhad Mohajer-multisim)

26. If a 7 µF, 8.4 µF, and a 10 µF capacitor were connected in parallel, and a voltage source that had a frequency of 5 kHz were connected (see Figure 7.28), what would be the total capacitive reactance?
a. 1.25 Ω
b. 2.38 Ω
c. 2.67 Ω
d. 2.16 Ω
[image: ]
Figure 7.28 (by Farhad Mohajer-multisim and paint)
27. If a 6 Vrms with a frequency of 0.9 kHz was connected to a .45 µF capacitor (see Figure 7.29), what would be the current?
a. 18.23 mArms
b. 17.55 mArms
c. 16. 45 mArms
d. 15.27 mArms
[image: ]
Figure 7.29 (by Farhad Mohajer -multisim)
28. If a capacitor rated at .03 µF were connected to a voltage source that had a frequency of 430 Hz and produced a current of 5 mArms (see Figure 7.30), determine  the voltage setting on the supply.
a. 68.23 Vrms
b. 61.69 Vrms
c. 66.76 Vrms
d. 67.29 Vrms
[image: ]
Figure 7.30 (by Farhad Mohajer -multisim and paint)
29. If the two capacitors rated at 4 µF and .3 µF are connected in series and a 10 Vrms at a frequency of 483 Hz was applied (see Figure 7.31), what would be the voltage across the 4 µF capacitor?
a. 0.864 Vrms
b. 0.462 Vrms
c. 0.698 Vrms
d. 0.328 Vrms
[image: ]
Figure 7.31 (by Farhad Mohajer -multisim)
30. What is the reactive power for problem 27?
a. 91.62 mVAR
b. 102.73 mVAR
c. 95.62 mVAR
d. 98.54 mVAR
True or False questions:
31. (True/False) Plates Area in a capacitor is the only thing that affects the value of capacitance.
32. (True/False) Once you disconnect the capacitor from the circuit, the capacitor doesn’t hold the charge.
33. (True/False) The time constant is dependent on the resistor value.
34. (True/False) Capacitors in series act like resistors in parallel. 
35. (True/False) If the voltage is 3 V DC and the capacitor is .04 µF, the capacitive reactance is 450 Ω.

Critical Thinking
36. Using your own words, explain how a capacitor stores charge.
37. How would you explain capacitive reactance and why it is important to understand when working with electrical circuit?






MODULE ASSESSMENT ANSWER KEY


	1) A. 0.114 mC
	2) C. 54 µC 

	3) B. 5.33 µF
	4) D. 66 µF
	5) A. 10.71 V

	6) D. 75.92 V
	7) A. 28.24 nF

	8) B. 3.06 nF
	9) C. 0.305 µF
	10) A. 0.336 µF

	11) B. 0.16 µF
	12) C. 3.91 V

	13) A. 3.05 V
	14) C. 2.22 V
	15) B. 6 µF

	16) D. 39.88 µF
	17) A. 45.88 µF

	18) A. 0.0197 s
	19) B. 3333 Ω
	20) D. 5 µF

	21) C. 6 V
	22) B. 1.53 µV Discharged

	23) A. 4.56 Ω
	24) D. 2.60 Ω
	25) C. 88.72 Ω

	26) A. 1.25 Ω

	27) D. 15.27 mArms
	28) B. 61.69 Vrms
	29) C. 0.698 Vrms
	30) A. 91.62 mVAR

	31) False
	32) False
	33) True
	34) True
	35) False



TEST YOUR SKILLS ANSWER KEY:

	7.1.1
	7.1.2
	7.2
	7.3
	7.4

	1) 6 µC
2) 49.75 µF
3) 127.17 V
	1) 53.81 µF
2) 0.18 µF
3) 69.03 nF
	1) 8.51 µF
2) 5.02µF
3) 3.33 V
	1) 99 µF
2) 81.58 µF
3) 20 µF 
	1) 1 ms
2) 15 V
3) 2.61 mV




	7.5

	1) 8841.94 Ω
2) 555.403 Ω
3) 1400.82 Ω
4) 1.896 mArms
5) 2.94 Vrms
6) 9.45 mVAR









Further Study
The book, Electronics Fundamentals, Circuits, Devices, and Applications by Thomas L. Floyd and David M. Buchla, is a good place to find useful information about electronics. It is a textbook for basic college classes in electrical study. Here is the web address of a website that explains capacitors along with other electrical principles, http://www.animations.physics.unsw.edu.au/jw/AC.html. http://www.allaboutcircuits.com/vol_2/chpt_4/2.html, is another website that will give you more information on DC and AC circuits.
Free textbooks in electronics can be accessed http://www.ibiblio.org/kuphaldt/electricCircuits/
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