Using Operators in Formulas
An operator is a symbol that represents an operation.

Excel-Supported Operators:
	Symbol 
	Operator

	+
	Addition

	–
	Subtraction

	/
	Division

	*
	Multiplication

	%
	Percent*

	&
	Text concatenation

	^
	Exponentiation

	=
	Logical comparison (equal to)

	>
	Logical comparison (greater than)

	<
	Logical comparison (less than)

	>=
	Logical comparison (greater than or equal to)

	<=
	Logical comparison (less than or equal to)

	<>
	Logical comparison (not equal to)



*Percent isn’t really an operator, but it functions similarly to one in Excel. Entering a percent sign after a number divides the number by 100. If the value is not part of a formula, Excel also formats the cell as percent.

Reference Operators
	Symbol 
	Operator

	: (colon) 
	Range. Produces one reference to all the cells between two references.

	, (comma) 
	Union. Combines multiple cell or range references into one reference.

	(single space) 
	Intersection. Produces one reference to cells common to two references.



Sample formulas that use operators
These examples of formulas use various operators:
· The following formula joins (concatenates) the two literal text strings (each enclosed in quotes) to produce a new text string: Part-23A:


· The next formula concatenates the contents of cell A1 with cell A2:

Usually, concatenation is used with text, but concatenation works with values as well. For example, if cell A1 contains 123 and cell A2 contains 456, the preceding formula would return the value 123456. Note that, technically, the result is a text string. However, if you use this string in a mathematical formula, Excel treats it as a number. Many Excel functions will ignore this “number” because they are designed to ignore text.
· The following formula uses the exponentiation (^) operator to raise 6 to the third power, to produce a result of 216:


· A more useful form of the preceding formula uses a cell reference instead of the literal value. Note this example that raises the value in cell A1 to the third power:


· This formula returns the cube root of 216 (which is 6):


· The next formula returns TRUE if the value in cell A1 is less than the value in cell A2. Otherwise, it returns FALSE:

Logical comparison operators also work with text. If A1 contains Alpha and A2 contains Gamma, the formula returns TRUE because Alpha comes before Gamma in alphabetical order.

· The following formula returns TRUE if the value in cell A1 is less than or equal to the value in cell A2. Otherwise, it returns FALSE:


· The next formula returns TRUE if the value in cell A1 does not equal the value in cell A2. Otherwise, it returns FALSE:

Unlike some other spreadsheets (such as Lotus 1-2-3), Excel doesn’t have logical AND and OR operators. Rather, you use functions to specify these types of logical operators.

· For example, this formula returns TRUE if cell A1 contains either 100 or 1000:


· This last formula returns TRUE only if both cell A1 and cell A2 contain values less than 100:


Operator precedence and Parentheses
You can (and should) use parentheses in your formulas to control the order in which the calculations occur. As an example, consider the following formula that uses references to named cells:


The goal is to subtract expenses from income and then multiply the result by the tax rate. But, if you enter the preceding formula, you discover that Excel computes the wrong answer. The formula multiplies expenses by the tax rate and then subtracts the result from the income. In other words, Excel does not necessarily perform calculations from left to right (as you might expect). Operations are performed in the order listed in the table. For example, multiplication is performed before subtraction. You can use parentheses to override Excel’s built-in order of precedence.
The correct way to write this formula is


Operator Precedence in Excel Formulas:
	Symbol 
	Operator

	Colon (:), comma (,), space( ) 
	Reference

	– 
	Negation

	% 
	Percent

	^ 
	Exponentiation

	* and / 
	Multiplication and division

	+ and – 
	Addition and subtraction

	& 
	Text concatenation

	=, <, >, <=, >=, and <> 
	Comparison




Subtraction or Negation?
One operator that can cause confusion is the minus sign (–), which you use for subtraction.
However, a minus sign can also be a negation operator, which indicates a negative number.
Consider this formula:

Excel returns the value 9 (not –9). The minus sign serves as a negation operator, and has a higher precedence than all other operators. The formula is evaluated as “negative 3, squared.”
Using parentheses clarifies it:

The formula is not evaluated like this:

This is another example of why using parentheses, even if they are not necessary, is a good idea.

Nested parentheses
You can also nest parentheses in formulas — that is, put parentheses inside of parentheses. When a formula contains nested parentheses, Excel evaluates the most deeply nested expressions first and works its way out. The following example of a formula uses nested parentheses:

This formula has four sets of parentheses. Three sets are nested inside the fourth set. Excel evaluates each nested set of parentheses and then sums the three results. This sum is then multiplied by the value in B6. Using parentheses clarifies the order of operations and makes the formula easier to read.
Note: Every left parenthesis, of course, must have a matching right parenthesis. If you have many levels of nested parentheses, you may find it difficult to keep them straight. Fortunately, Excel lends a hand in helping you match parentheses. When editing a formula, matching parentheses are colored the same, although the colors can be difficult to distinguish if you have a lot of parentheses. Also, when the cursor moves over a parenthesis, Excel momentarily displays the parenthesis and its matching parenthesis in bold. This lasts for less than a second, so watch carefully.


Calculating Formulas
You’ve probably noticed that the formulas in your worksheet get calculated immediately. This occurs when Excel’s Calculation mode is set to Automatic. In this mode (the default mode), Excel follows certain rules when calculating your worksheet:
· When you make a change (enter or edit data or formulas, for example), Excel calculates immediately those formulas that depend on new or edited data.
· If working on a lengthy calculation, Excel temporarily suspends calculation when you need to perform other worksheet tasks; it resumes when you finish.
· Formulas are evaluated in a natural sequence. For instance, if a formula in cell D12 depends on the result of a formula in cell D11, cell D11 is calculated before D12.

You can set Excel’s Calculation mode to Manual. Do this by choosing  
Formulas→ Calculation→Calculation Options→Manual.

When you work in manual Calculation mode, Excel displays Calculate in the status bar when you have any uncalculated formulas. The Formulas→Calculation group contains two controls that, when clicked, perform a calculation: Calculate Now and Calculate Sheet. In addition to these controls, you can use the following shortcut keys to recalculate the formulas:
· F9: Calculates the formulas in all open workbooks (same as the Calculate Now control).
· Shift+F9: Calculates only the formulas in the active worksheet. It does not calculate other worksheets in the same workbook (same as the Calculate Sheet control).
· Ctrl+Alt+F9: Forces a complete recalculation of all open workbooks. Use it if Excel (for some reason) doesn’t seem to return correct calculations.
· Ctrl+Shift+Alt+F9: Rechecks all the dependent formulas and then forces a recalculation of all open workbooks.


Cell and Range References
Most formulas reference one or more cells by using the cell or range address (or the name if it has one). Cell references come in four styles; the dollar sign differentiates them:
· Relative: The reference is fully relative. When you copy the formula, the cell reference adjusts to its new location. Example: 
· Absolute: The reference is fully absolute. When you copy the formula, the cell reference does not change. Example: 
· Row Absolute: The reference is partially absolute. When you copy the formula, the column part adjusts, but the row part does not change. Example: 
· Column Absolute: The reference is partially absolute. When you copy the formula, the row part adjusts, but the column part does not change. Example: 

When you create a formula by pointing to cells, all cell and range references are relative. To change a reference to an absolute reference or a mixed reference, you must do so manually by adding the dollar signs. Or when you enter a cell or range address, you can press the F4 key to cycle among all possible reference modes.
If you think about it, you may realize that the only reason you would ever need to change a reference is if you plan to copy the formula.

Creating an absolute or a mixed reference
The figure below demonstrates an absolute reference in a formula. Cell D2 contains a formula that multiples the quantity (cell B2) by the price (cell C2) and then by the sales tax (cell B7):

[image: ]
The reference to cell B7 is an absolute reference. When you copy the formula in cell D2 to the cells below, the $B$7 reference always points to the sales tax cell. Using a relative reference (B7) results in incorrect results in the copied formulas.

The figure below demonstrates the use of mixed references. Note the formula in cell C3:

This formula calculates the area for various lengths (listed in column B) and widths (listed in row 2). After you enter the formula, it can then be copied down and across. Because the formula uses absolute references to row 2 and column B, each copied formula produces the correct result. If the formula uses relative references, copying the formula causes the references to adjust and produce the wrong results.
[image: ]
Referencing other sheets or workbooks
A formula can use references to cells and ranges that are in a different worksheet. To refer to a cell in a different worksheet, precede the cell reference with the sheet name followed by an exclamation point. Note this example of a formula that uses a cell reference in a different worksheet (Sheet2):


You can also create link formulas that refer to a cell in a different workbook. To do so, precede the cell reference with the workbook name (in square brackets), the worksheet name, and an exclamation point (!), like this:


If the workbook name or sheet name in the reference includes one or more spaces, you must enclose it (and the sheet name) in single quotation marks. For example:

If the linked workbook is closed, you must add the complete path to the workbook reference. For example:


Making an Exact Copy of a Formula
When you copy a formula, Excel adjusts the formula’s cell references when you paste it to a different location. Usually, adjusting the cell references is exactly what you want. Sometimes, however, you may want to make an exact copy of the formula. You can do this by converting the cell references to absolute references, as discussed earlier — but this isn’t always desirable.
A better approach is to select the formula while in edit mode and then copy it to the Clipboard as text. There are several ways to do this. Here I present a step-by-step example of how to make an exact copy of the formula in A1 and copy it to A2:
1. Select cell A1 and press F2 to activate edit mode.
2. Press Ctrl+Home to move the cursor to the start of the formula, followed by Ctrl+Shift+End to select all the formula text.
Or you can drag the mouse to select the entire formula.
Note that holding down the Ctrl key is necessary when the formula is more than one line long, but optional for formulas that are a single line.
3. Choose Home➜Clipboard➜Copy (or press Ctrl+C).
This copies the selected text to the Clipboard.
4. Press Esc to end edit mode.
5. Activate cell A2.
6. Press F2, for edit mode.
7. Choose Home➜Clipboard➜Paste (or press Ctrl+V), followed by Enter.
This operation pastes an exact copy of the formula text into cell A2.
You can also use this technique to copy just part of a formula to use in another formula. Just select the part of the formula that you want to copy by dragging the mouse or by pressing the Shift+arrow keys. Then use any of the available techniques to copy the selection to the Clipboard. You can then paste the text to another cell.
Another technique for making an exact copy of a formula is to edit the formula and remove its initial equal sign. This converts the formula to text. Then, copy the “nonformula” to a new location. Finally, edit both the original formula and the copied formula by inserting the initial equal sign.

Smart Tag to Converting Formulas to Values
This technique is very useful when you use formulas as a means to convert cells.
For example, assume that you have a list of names (in uppercase) in column A. You want to convert these names to proper case. In order to do so, you need to create formulas in a separate column; then convert the formulas to values and replace the original values in column A. The following steps illustrate how to do this:
1. Insert a new column after column A.
2. Insert the following formula into cell B1: 
3. Copy the formula down column B, to accommodate the number of entries in column A. Column B then displays the values in column A, but in proper case.
4. Select all the names in column B.
5. Choose Home➜Clipboard➜Copy.
6. Select cell A1.
7. Choose Home➜Clipboard➜Paste➜Values.
8. Press Enter or Esc to cancel paste mode.
9. Delete column B.


When to use AutoFill rather than formulas
Excel’s AutoFill feature provides a quick way to copy a cell to adjacent cells. AutoFill also has some other uses that may even substitute for formulas in some cases. I’m surprised to find that many experienced Excel users don’t take advantage of the AutoFill feature, which can save a lot of time.
For example, if you need a list of values from 1 to 100 to appear in A1:A100, you can do it with formulas. You type 1 in cell A1, type the formula =A1+1 into cell A2, and then copy the formula to the 98 cells below.
You can also use AutoFill to create the series for you without using a formula. To do so, type 1 into cell A1 and 2 into cell A2. Select A1:A2 and drag the fill handle down to cell A100. (The fill handle is the small square at the lower-right corner of the active cell.) When you use AutoFill in this manner, Excel analyzes the selected cells and uses this information to complete the series. If cell A1 contains 1 and cell A2 contains 3, Excel recognizes this pattern and fills in 5, 7, 9, and so on. This also works with decreasing series (10, 9, 8, and so on) and dates. If there is no discernible pattern in the selected cells, Excel performs a linear regression and fills in values on the calculated trend line.
Excel also recognizes common series names such as months and days of the week. If you type
Monday into a cell and then drag its fill handle, Excel fills in the successive days of the week. You also can create custom AutoFill lists using the Custom Lists panel in the Excel Options dialog box. Finally, if you drag the fill handle with the right mouse button, Excel displays a shortcut menu to enable you to select an AutoFill option.

Hiding Formulas
[image: ]In some cases, you may not want others to see your formulas. For example, you may have a special formula you developed that performs a calculation proprietary to your company. You can use the Format Cells dialog box to hide the formulas contained in these cells.
To prevent one or more formulas from being viewed:
1. Select the formula or formulas.
2. Right-click and choose Format Cells to show the Format Cells dialog box (or Press Ctrl+1).
3. In the Format Cells dialog box, click the Protection tab.
4. Place a check mark in the Hidden check box, as shown in Figure 2-6.
5. Use the Review➜Protect command to protect the worksheet.
To prevent others from unprotecting the sheet, specify a password in the Protect Sheet dialog box.


Errors in Formulas
It’s not uncommon to enter a formula only to find that the formula returns an error. Following Table lists the types of error values that may appear in a cell that has a formula.
Formulas may return an error value if a cell that they refer to has an error value. This is known as the ripple effect: A single error value can make its way to lots of other cells that contain formulas that depend on that cell.

Excel Error Values	
	Error Value
	Explanation

	#DIV/0! 
	The formula attempts to divide by zero (an operation not allowed on this planet). This also occurs when the formula attempts to divide by an empty cell.

	#NAME? 
	The formula uses a name that Excel doesn’t recognize. This can happen if you delete a name used in the formula or if you misspell a function.

	#N/A 
	The formula refers (directly or indirectly) to a cell that uses the NA function to signal unavailable data. This error also occurs if a lookup function does not find a match.

	#NULL! 
	The formula uses an intersection of two ranges that don’t intersect.

	#NUM! 
	A problem occurs with a value; for example, you specify a negative number where a positive number is expected.

	#REF! 
	The formula refers to an invalid cell. This happens if the cell has been deleted from the worksheet.

	#VALUE!
	The formula includes an argument or operand of the wrong type. An operand refers to a value or cell reference that a formula uses to calculate a result.

	(########)
	 Usually means that the column isn’t wide enough to display the value. You can either widen the column or change the number format of the cell. The cell also fills with hash marks if it contains a formula that returns an invalid date or time.


Note: Depending on your settings, formulas that return an error may display a Smart Tag. You can click this Smart Tag to get more information about the error or to trace the calculation steps that led to the error. Refer to Chapter 21 for more information about this feature.

Goal Seeking
Many spreadsheets contain formulas that enable you to ask questions, such as, “What would be the total profit if sales increase by 20 percent?” If you set up your worksheet properly, you can change the value in one cell to see what happens to the profit cell.
Goal seeking serves as a useful feature that works in conjunction with your formulas. If you know what a formula result should be, Excel can tell you which values of one or more input cells you need to produce that result. In other words, you can ask a question such as, “What sales increase is needed to produce a profit of Rs. 1.2 Lakhs?”
Single-cell goal seeking (also known as backsolving) represents a rather simple concept. Excel determines what value in an input cell produces a desired result in a formula cell. You can best understand how this works by walking through an example.

A goal seeking example
Following figure shows a mortgage loan worksheet that has four input cells (C4:C7) and four formula cells (C10:C13). The formulas calculate various values using the input cell. The formulas are




[image: ] 
Imagine that you’re in the market for a new home and you know that you can afford Rs. 1,200 per month in mortgage payments. You also know that a lender can issue a fixed-rate mortgage loan for 6.00 percent, based on an 80 percent loan-to-value (a 20 percent down payment). The question is, “What is the maximum purchase price you can handle?” In other words, what value in cell C4 causes the formula in cell C11 to result in Rs. 1,200? You can plug values into cell C4 until C11 displays Rs. 1,200. A more efficient approach lets Excel determine the answer.
To answer this question, choose DataData ToolsWhat-If AnalysisGoal Seek. Excel displays the Goal Seek dialog box, as shown in Figure 2-9. Completing this dialog box resembles forming the following sentence: Set cell C11 to 1200 by changing cell C4. Enter this information in the dialog box by either typing the cell references or by pointing with the mouse. Click OK to begin the goal seeking process.

Almost immediately, Excel announces that it has found the solution and displays the Goal Seek status box. This box tells you the target value and what Excel came up with. In this case, Excel found an exact value. The worksheet now displays the found value in cell C4 (Rs. 250,187). As a result of this value, the monthly payment amount is Rs. 1,200. Now, you have two options:
· Click OK to replace the original value with the found value.
· Click Cancel to restore your worksheet to its original form before you chose Goal Seek.
Perhaps the main limitation of the Goal Seek command is that it can find the value for only one input cell. For example, it can’t tell you what purchase price and what down payment percent result in a particular monthly payment. If you want to change more than one variable at a time, use the Solver add-in.
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