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Excel has some very flexible and powerful drawing features, in addition to its more traditional use as a spreadsheet.  The drawing mode works by creating many separate simple objects, and then building complex diagrams from these simple objects.  Each object maintains its individual properties, and so the entire drawing can be manipulated in ways that a painting type function can not.

This lab will show you how to create a simple signal flow chart using some of the basic drawing functions.  Obviously, there a re many different ways to generate these diagrams, and many additional features in Excel that are not covered in this lab.  However, I have developed the technique you will learn over the process of a fifteen-year career as a sound designer, and over 150 separate system designs.  Once you do this lab, and are responsible for additional documentation, feel free to develop your own style.

[image: ]1)	Starting the Process 

Launch Excel.  You should be able to find the icon in the Dock at the bottom of the screen.
Save a new spreadsheet in your directory.  
Call it (yourname)ExcelLab1.xls

2) 	Create the Grid
It is useful to rearrange the spreadsheet cells so that we have a relatively square grid.  This allows for the creation of a very neat and tidy environment within which to draw.

· Make sure you are not in drawing mode (which you shouldn’t be, yet)
· Select All (<apple><A>) 
· Format>Column>Width
· Set to value to 1.5

3)	Insert Objects
Normal use of the spreadsheet has data entered within the cells.  We will be drawing ON TOP of the cells.  To do this, we need to be insert shapes and lines/ 

· Insert>Shape
· Insert a vertical rectangle to represent your mixer.

4)	Select Snap to Grid
This forces your objects to be constrained to the dimensions of the grid, and makes for a much neater diagram.
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· Click on your shape (or “object”)
· Under Drawing Tools on the Format tab, in the Arrange group, click Align.

5)	Drawing components
Each component will have to be individually drawn.  However, once a component is created, it can be copied and used again and again.  We will also be grouping the separate objects within the component for easier manipulation.  We will start by creating a diagram of the Behringer MX802A mixer.

· Start out by creating a rectangle.  The easiest way to do this is by clicking on the rectangle icon in the drawing toolbar.
· Since it is a mixer, then it should be long and narrow.  In the example, the rectangle is 6x10.
· Label the box by selecting it and typing into it.  Note that the name is in the middle of the box:  we will want it to be on top.
· You can place the name of the mixer within the box by using the format option.
· Select the box (not the text inside), and type <apple><1>.  Or, double click on the box.
· On the tabs in the format window, select alignment.
· You can select both justification, both horizontal and vertical, and also set how the text is oriented.
· You may then create a color or shade for the box by clicking on the arrow next to the paint bucket icon on the drawing toolbar.

6)	Adding Inputs and Outputs
Each input and output must be labeled. It is easy to create a number of small boxes, and then to place them appropriately within the larger box.

· Create a box that is 1x1.
· Place it in the appropriate location within the larger box (mixer).
· Now, with that box selected, duplicate it <apple><D>.
· Without deselecting it, move that box with the arrow keys to the grid square immediately below the first small box you created.
· Multiple repeats of the duplicate command will generate a stack of boxes.
· Now click on the first box, and type the number "1".  This will put that number into the first box.
· Using the tab key, you can move through the created boxes.  So, to quickly propagate the numbers, hit tab, type the next number, and repeat this until all your input values are entered.  Note, you may have to hit the tab key more than once if you have other objects created.  You can also use the mouse to select each object individually.
· Once you have completed your inputs, and they are arrayed on the left side of the mixer, then create the outputs using the same procedure.  You will probably need to make these longer: in my example I put them into 3x1 rectangles.
· Name them with the appropriate labels for the outputs.

7)	Grouping 
Once the mixer has been made, you can group all of the components together into a single object:  

· First, select the objects you wish to group.  You can do this by dragging a rectangle around the mixer.  Note that each item will now have boxes at each corner, so there should be quite a few boxes.
· Select group under the main popup in the drawing toolbar.  Now, the entire object will maintain its relationship within itself, and a single click will select the entire set of components.

8)	Building the CD Source component.
You can use rectangles for all your objects, but I like to use specific graphics for each type of component.  In my lexicon, source objects are circles.

· Create a circle by either clicking on the circle object in the drawing toolbar, or click on the "objects" popup in the same toolbar.  There, under simple objects, you will find a variety of different object shapes.
· Create the CD component, add a left and right output, and then group them.  I find that for a stereo output source device, that a 4x4 grid circle is a pleasing size.
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9)	Connectors	

· Under the "objects" popup in the drawing toolbar, you will find another type of object called the connector.  You can select any of these connectors, and they can be used to attach to different existing objects.  I like to use the middle one (the angled single arrow).

· You can keep this pallet open by "tearing" it off (go to the window bar at the top of the connector pallet, and then release the mouse).

· With the connector selected, you cursor will turn into a cross:  as you slide the cross over existing objects, each object will highlight a number of blue dots.  These are the "sticky points" and are available for connectors to be attached to them. Place the cursor over one of these points, drag the cursor to another point, and let go.  You will now have a connector between the two points.  By moving the objects, the connectors maintain their source and destination relationships.

· Note that the connector ends will show they are attached if there is a red dot.  A green dot indicates that it is not attached.
· Connect the CD-L output to the mixer input 1, and the CD-R output to mixer input 2. 
· Now, drag the CD object around.  You will note that the connectors stay attached. 
· [image: ]Click on one of the connectors.  You will see that the ends of the connector have red dots.  If a dot is green, then that connector is not connected to anything.

10)	Building the Amplifier Object 
The traditional amplifier is a triangle.  We will build an amplifier with two inputs.

· Create a triangle under the objects icon>simple shapes in the drawing toolbar.  Make sure you select the isosceles triangle, and not the right angle triangle that is another option.
· The triangle is not oriented correctly.  You will need to rotate it.
· With the triangle selected, go to the main popup menu in the toolbar.  Select "Rotate or Flip" and then the "Rotate Right".  Your triangle is now pointing correctly.
· However, it is not perfectly aligned with the grid.  You will want to "exercise" the shape.  This will snap the shape to the grid.
· With the triangle selected, grab the lower left corner and move the corner both up and down and left and right.  This forces the lower left corner to be on the grid.  Now do the same thing with the upper right point.  Your triangle is now snapped. In my example, I built a four down by three across triangle.  You may then want to select a color for the triangle.
· Now, place two input boxes into the triangle, label them 1 and 2, and then group the objects.
· Often there may not be enough room within the object to label the device.  You can create a separate rectangle object, select it, and then type in the name of the device.  This can then be added to the object group.

[image: ]11)	Building the Speaker Object. 

· Under the simple shapes, you will find a trapezoid shape.  
· Select this trapezoid shape from simple shapes
· Create a trapezoid.
· Rotate it to the right.
· "Exercise" it 
· Make a tall thin trapezoid (1x4).  
· Create a rectangle that is 1 across and 2 high, 
· Place the rectangle to the left of the trapezoid.  
· Group the two objects together, and you now have a speaker.  
· Note that you can change the size of the speaker, and it retains its combination shape.  This will be very useful when you want to show different size speakers in a visual way.
· Note that once you build these objects, they can be used again and again.
· Select the speaker, and then duplicate it with the <apple><D> command.  Note that you now have an exact copy of the speaker object.

12)	Connecting the Components

· Now, in the same way that you connected the CD to the mixer, connect the main outs of the mixer to the amplifier, and then the amplifier to the speakers.
· Note that in the amplifier, I connect the middle point on the top and bottom of the triangle to the speakers.  Otherwise, you will also have to create some output boxes for the amplifier as well.



13)	Formatting the Page
You did all this work in a worksheet called "sheet 1".  You will see three worksheet tabs on the bottom of the spreadsheet window.  We will rename sheet 1 to "Signal Flow Chart".  

· Double click on the tab, and then type in the new name for this worksheet.
· Select the entire set of objects, (you can use the <apple><A>, or you can drag around the complete set), 
· Use the arrow keys to move it to the upper left corner of the worksheet.  If you do not do this, then the formatting features will not work properly. 
· Click on the page setup icon in the standard toolbar, and make the following adjustments.
· Click on setup
· Select Page
· Under page, set your orientation to Landscape
· Set you scaling to "Fit to 1 page wide by 1 page tall.
· Select Margins
· At the bottom, select both center on page horizontally and vertically.
· Select Header/Footer
· Click on Custom Header
· Select the center box, then click on the tab icon.  
· You should see &[tab] in the center box
· Click OK
· You will now be back at the Header/Footer page.
· Click on Custom Footer
· Select the middle box, and click on the document icon
· You should now see "&[file]" in the middle box
· Select the left window and then type ©2005 (your name)
· (to get the copyright symbol, type <option><G>).
· Click OK, then OK again.

14)	Saving and Printing your Work.
Finally, you will want to save your work.  As well, we will want to create this as a pdf document.

· Type <apple><S> to save.
· Type <apple><P> to print.
· On the bottom of the box, you will see a button called "Save as pdf".  
· Select this button, then go through the process of saving into your directory.  Make sure you do not overwrite the excel document.
· Send the completed document to my digital dropbox in Blackboard.  You will have to do this from a different computer, since the lab computers do not have internet access.

The pdf (acrobat) document will open in Preview, and should look identical to the Excel document. Now, however, it can be opened by people that do not have Excel, and it can not be changed.  There are advantages and disadvantages to both:  generally I send the pdf files to other parties (directors, shops, etc), and keep the Excel for myself so that I can modify the documents as changes occur.
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