Excel -- PART II                                                                         Formulas and Functions

Excel can function as a super-calculator, performing mathematical operations on a multitude of data extremely fast. Its built-in functions replace the need to program lengthy formulas. 

Simple Calculations

Every calculation in a cell begins with =, which lets Excel know that what follows is a mathematical operation, not a character string. The result of the calculation appears in the cell into which the formula was entered. 

The symbols +, -, *, / are used for the four simple mathematical functions. 

Formulas can contain either numbers or cell references or a combination, e.g. =2+6 or =2/B12 or =A4*J5.

Common Formulas

/ 
Division
 =10/2 or =A1/2

* 
Multiplication
 =2*4 or =A2*4

+ 
Addition
 =20+7 or =A3+7

- 
Subtraction
 =60-1 or =A4-B2


[image: image7.png]A D E F
1| keal Theal= 4184 Kk
253
N
ENES -ATSEST

5




[Double-click on the object above to see that it is an embedded Excel spreadsheet. Review a couple of ways how the spreadsheet was embedded here.] On the embedded spreadsheet, carry out the indicated arithmetic operations specified under Common Formulas, above, in two ways: In column B, enter numeric formulas only (e.g. =10/2); In column C, enter cell references and numbers (e.g. cell A1 divided by 2). Examples are shown in the highlighted boxes. Look in the formula bar to see the difference in the formula that is being calculated. 
When several arithmetic operators appear in a formula, Excel will multiply and divide before it adds and subtracts. For formulas that contain operators of the same priority, Excel performs the calculation from left to right. Use parentheses, nested if necessary, to group operations and ensure that calculations are performed in the desired order. The results are different for these two formulas: =2*42+87/3 and =2*(42+87)/3. To see the different results from these two formulas, enter them into an Excel spreadsheet. What was the order in which the operations were performed? 

Relative Cell References

When you create a formula in a cell, references to cells or ranges in the formula are usually based upon their position relative to the cell that contains the formula (and the resulting calculation). When a formula that uses relative references is copied to a new cell, the references in the pasted formula are changed automatically to refer to new cells with the same relationship to the new position of the pasted formula. 

In the example below (picture – not an embedded spreadsheet), numerical values were entered into column A, and then a formula was entered in cell B2. The formula contained a reference to the contents of cell A2, one column to the left (a relative position). The formula is then copied to cells B3 and B4, and the relative cell references are changed so that the referenced cells are still one column to the left – now cells A3 and A4. Reproduce the worksheet below. 
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Absolute Cell References

Absolute references always refer to cells in a specific location. The "$" symbol within the cell designation indicates an absolute reference. The reference can contain both an absolute row and an absolute column reference, i.e. a specific cell, or only an absolute row or only an absolute column reference. The absolute reference in a formula does not change when a formula containing it is moved or copied. The picture below shows cell E1 (containing the value 4.184) used as an absolute (unchanging) reference cell. 
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Defined Names are an example of absolute cell references (see Excel Practice Part I). In the example above, you could define a name for the contents of cell E1 and use the Name in the formula in cell B2 (=A2*Name). You can discover whether or not the cell or range is Named, by clicking it and looking in the Name box to the left of the formula bar. If the cell is Named, you will see the name, otherwise you see the cell reference.
Double-click on the embedded worksheet below. Click in cell B7 and inspect the formula in the Formula bar, the result of which is shown in cell B7. Copy the formula down the column. Inspect the resulting formulas. What happened? Repeat the procedure for the cells E7 and H7. These three ranges of formulas illustrate the consequences of using relative cell references, absolute cell references, and Named Range cell references. 


[image: image3.emf]PV=nRT

V=(nRT)/P

Temp. (K) 50

R 

(l-atm/mol-

deg)

0.082 1 atm (mm Hg) 760

Range 1 Range 2 Range 3

Pressure Volume Pressure Volume Pressure Volume

(mm Hg) (l) (mm Hg) (l) (mm Hg) (l)

7004.45E+00 700 4.45E+00 700 4.45E+00

600 600 600

500 500 500


External Cell References and Links

You can link data in one worksheet to another worksheet in the same or different workbooks. When the source data is changed, the destination (or dependent) data is automatically changed also. Because the references contain the path to the link, it is always better to select the reference cells rather than try to type them. You can explore this on the embedded worksheet below. 
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In this example, data and calculations appear in the “data” sheet, so look at that first. The cosine has been calculated over a 360 rotation with a period of 3. In order to maintain a clean output worksheet and graph, the calculation results are copied to the “cosine” worksheet. Actually, because we want to demonstrate the effect of changing the period number, the calculation results area linked so that a change in the “data” sheet is reflected in the “cosine” sheet. 
Click on cell A3 in the cosine sheet. You’ll see the formula data!C3, which means the cell contains the output of cell C3 on the “data” sheet. To reproduce this, select the calculated results in the “data” sheet, and copy them. In the “cosine” sheet, choose Paste Special | Link.
Go back to the “data” sheet and change the period number to 5. What happens to the calculated values in the two sheets and in the graph?
If you want to incorporate a source cell value in a destination calculation, begin by typing a formula in the destination cell. At the point where you want to reference the source cell(s), open the source worksheet, select the cell(s), and then press [Enter]. Finish the formula in the formula bar. Check that the source is properly linked! See the “example” sheet in the embedded worksheet above. 
If you merely want to link the source to the destination where the source is not part of a formula (as in the example above), select a cell in the source worksheet, copy it, and then Paste Special | Link in the destination document. 

Functions

Functions are predefined formulas in Excel. Different functions can be combined into larger formulas. 

· You can see the functions by choosing Formulas tab | Insert Function and choosing a Function category and a Function name. At the bottom of the box there is a short description of the function and its syntax.  There is also a hyperlink to more Help on the function. These explanations can be very helpful. 

· You can easily enter and edit formulas by double-clicking the formula in the cell. 

· While editing in the Formula bar, click on the down arrow in the Name box to choose from a list of the commonly used functions. 

Logical Functions

Logical functions allow you to use different formulas in a cell, depending on the values in other cells. The logical functions are IF, AND, OR, and NOT. The function returns one value if the condition specified is TRUE and returns a different value if the condition is FALSE.

The syntax of the IF function is =IF(logical_test,value_if_true,value_if_false).

You can translate this as “Perform the test, and if it is true do this, or if it is false do that.”

The logical_test argument can use any comparison calculation operator: =, >, <, >=, <=, <>. The value_if_true and value_if_false arguments can be formulas or text strings (text strings must be enclosed in quotation marks) or up to 7 nested IF functions. 

Here is a simple example where a non-zero value is in cell A2.


=IF(A2>0, sqrt(A2), sqrt(-A2))

If you did not want to evaluate the square root of the negative number, you could return a text string:


=IF(A2>0, sqrt(A2), “cannot be evaluated”)
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3 1.73 1.73

5.6 2.37 2.37

-2.7 1.64 cannot be evaluated

-8.1 2.85 cannot be evaluated


Suppose a spreadsheet contained the pH values shown. You can provide labels for each pH using a nested IF function. 
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_1299573368.xls
Sheet1

		PV=nRT																V=(nRT)/P

		Temp. (K)		50				R (l-atm/mol-deg)		0.082				1 atm (mm Hg)		760

		Range 1						Range 2						Range 3

		Pressure		Volume				Pressure		Volume				Pressure		Volume

		(mm Hg)		(l)				(mm Hg)		(l)				(mm Hg)		(l)

		700		4.45E+00				700		4.45E+00				700		4.45E+00

		600						600						600

		500						500						500






_1299598290.xls
cosine

		COSINE FUNCTIONS

		(cos nω)

		1.00E+00

		8.66E-01

		5.00E-01

		6.13E-17

		-5.00E-01

		-8.66E-01

		-1.00E+00

		-8.66E-01

		-5.00E-01

		-1.84E-16

		5.00E-01

		8.66E-01

		1.00E+00

		8.66E-01

		5.00E-01

		3.06E-16

		-5.00E-01

		-8.66E-01

		-1.00E+00

		-8.66E-01

		-5.00E-01

		1.35E-15

		5.00E-01

		8.66E-01

		1.00E+00

		8.66E-01

		5.00E-01

		5.51E-16

		-5.00E-01

		-8.66E-01

		-1.00E+00

		-8.66E-01

		-5.00E-01

		-2.45E-15

		5.00E-01

		8.66E-01

		1.00E+00
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Number in front of angle (w) is the number of cycles between 0 and 360 degrees.



cosine

		0

		10

		20

		30

		40

		50

		60

		70

		80

		90

		100

		110

		120

		130

		140

		150

		160

		170

		180

		190

		200

		210

		220

		230

		240

		250

		260

		270

		280

		290

		300

		310

		320

		330

		340

		350

		360



1+cos 3w

Angle w

Cosine value

Cosine Function



data

				w				n=		3

		angle		radians		cos n()

		0		0		1

		10		0.1745329252		0.8660254038

		20		0.3490658504		0.5

		30		0.5235987756		6.1257422745431E-17

		40		0.6981317008		-0.5

		50		0.872664626		-0.8660254038

		60		1.0471975512		-1

		70		1.2217304764		-0.8660254038

		80		1.3962634016		-0.5

		90		1.5707963268		-1.83772268236293E-16

		100		1.745329252		0.5

		110		1.9198621772		0.8660254038

		120		2.0943951024		1

		130		2.2689280276		0.8660254038

		140		2.4434609528		0.5

		150		2.617993878		3.06287113727155E-16

		160		2.7925268032		-0.5

		170		2.9670597284		-0.8660254038

		180		3.1415926536		-1

		190		3.3161255788		-0.8660254038

		200		3.490658504		-0.5

		210		3.6651914292		0

		220		3.8397243544		0.5

		230		4.0142572796		0.8660254038

		240		4.1887902048		1

		250		4.36332313		0.8660254038

		260		4.5378560552		0.5

		270		4.7123889804		5.51316804708879E-16

		280		4.8869219056		-0.5

		290		5.0614548308		-0.8660254038

		300		5.235987756		-1

		310		5.4105206812		-0.8660254038

		320		5.5850536064		-0.5

		330		5.7595865316		-0

		340		5.9341194568		0.5

		350		6.108652382		0.8660254038

		360		6.2831853072		1





example

		Index of refraction

		sin i = n sin r				i= angle of incident ray

		sin r = sin i/n				n= refractive index of medium						2.4173		(diamond)

						r= angle formed by refracted ray

		angle		sin r		r (radians)		r(deg.)

		0		0.000		0.000		0.000

		10		0.072		0.072		4.119

		20		0.141		0.142		8.134

		30		0.207		0.208		11.937

		40		0.266		0.269		15.421

		50		0.317		0.322		18.476

		60		0.358		0.366		20.993

		70		0.389		0.399		22.876

		80		0.407		0.420		24.042

		90		0.414		0.426		24.437






_1267810186.xls
IF function

		Number		Square Root				Square Root

		3		1.73				1.73

		5.6		2.37				2.37

		-2.7		1.64				cannot be evaluated

		-8.1		2.85				cannot be evaluated
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Sheet1

		pH		IF(A2<7,"Acidic",IF(A2>7,"Basic","Neutral"))

		2.3		Acidic

		5.4		Acidic

		11.8		Basic

		10.6		Basic

		7.0		Neutral

		6.9		Acidic
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