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... and enjoy these 200 electronic adventures !
I. SURPRISE AND GAME PROJECTS
 (Here’s A Sample of What Electronics Can Do ... )
1. Wheel of Fortune . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8
2. The Noisy Light . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8
3. Electronic Candle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
4. Rain Detector  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
5. Ear Splitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10
6. Pencil Lead Organ  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10
7. The Electric Human . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11
8. The Electrosonic Human . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11
9. Electric Birthday Cake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12
10. Quick Draw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12
11. Quick Draw II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
12. Electronic Safe Cracking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
13. UFO Invasion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
14. Tug of War . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
15. Shot in the Dark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
16. Burglar Alarm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
17. SOS Alert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16
18. Target Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16
19. “Catch” the Eight  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17
20. Marching LEDs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17
21. Turn Signal Flasher  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18
22. Leapin’ LEDs!  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18
23. Lights Out . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19

II. BACK TO THE BASICS
 (of Electricity and Electronics)
24. Light Telegraph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20
25. Frontier Telegraph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20
26. Introducing the Resistor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .21
27. Parallel Resistors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .21
28. Secret Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .22
29. A Variable Resistor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22
30. Capacitors in Series and Parallel  . . . . . . . . . . . . . . . . . . . . . . . . .  23
31. The Electronic Gas Tank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23
32. Discharge Timer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24
33. Light Dimmer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24
34. The Quick Capacitor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
35. Electronic Timer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
36. Capacitors and Oscillators  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26
37. A Variable Capacitor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26
38. Resistors and Capacitors Together . . . . . . . . . . . . . . . . . . . . . . . .  27
39. Resistors and Capacitors Together II  . . . . . . . . . . . . . . . . . . . . .  27
40. Meet the Diode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28
41. Voltage Drop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28
42. Voltage Regulator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29
43. LED — A Special Diode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29

44. How a Transformer Works . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30
45. A Chopper Circuit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30
46. An AC Simulator  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .31
47. Electronic Buzzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .31
48. Photometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .32
49. Electronic Jigsaw Puzzle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .32
50. Night Light  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33
51. The Light Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33
52. Electronic Elephant  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34
53. Capital Letter Displays  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34
54. Small Letter Displays  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .35
55. Numeric Displays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .35
56. Meet the Transistor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .36
57. Transistors as Switches  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .36
58. Electricity from Sound  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .37
59. Electric Money . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .37

III. ELECTRONIC “BUILDING BLOCKS”
 (That We Build Big Circuits From)
60. A Push-Pull Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .38
61. Understanding Oscillators  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .38
62. A Push-Pull Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .39
63. An Inverter Circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .39
64. Meet the OR Circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40
65. Introducing the AND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40
66. Using the NOR Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .41
67. Meet the NAND Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .41
68. How a Multivibrator Works  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .42
69. A “One Shot” Multivibrator  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .42
70. An R-S Flip-flop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .43

IV. PUTTING ELECTRONICS TO WORK 
 (Some Practical Stuff...)
71. Sound Scooper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .43
72. Liquid Conductivity Tester . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .44
73. Super-Sensitive Photometer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .44
74. Motion Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .45
75. Two-Tone Buzzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .45
76. Variable Capacitor Oscillator  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .46
77. Variable RC Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .46
78. Electronic Metronome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .47
79. Door Alarm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .47
80. Frequency Shift Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .48
81. Code Practice Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .48
82. Light/Sound Code Practice Unit  . . . . . . . . . . . . . . . . . . . . . . . . . .49
83. Strobe Light  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .49
84. Noisy Strobe Light . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50
85. CdS-controlled Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50
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86. Shot in the Dark II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51
87. Does Money Talk?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51
V. RADIO CIRCUITS 
 (Find Out How a Transistor Radio Works ...)
88. “Crystal Set” Radio  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .52
89. “Funny” Transistor Radio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .52
90. One Transistor Radio  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .53
91. Spark Gap Transmitter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .53
92. Morse Code Transmitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .54
93. Remote Water Level Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . .54
94. AM Broadcaster . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .55

VI. SONIC ZOO AND SOUND FACTORY 
 (Producing Silly Sounds Using Electronics)
95. Basic Audio Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .55
96. Light-Controlled Bird  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .56
97. Electronic Motorcycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .56
98. Chirping Bird . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .57
99. Electronic Siren. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .57
100. Fish Caller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .58
101. Plant Growth Stimulator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .58
102. Electronic Organ  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .59
103. Electronic Raindrops . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .59
104. Electronic Cat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .60
105. Electronic Bird . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .60
106. Digital Rhythm  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .61
107. Sound Machine I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .61
108. Sound Machine II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .62
109. Sound Machine III  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .62

VII. ELECTRONIC DECISION MAKERS (Hate to
 Make Decisions? These Projects Are For You!)
110. Electronic Coin Toss  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .63
111. Electronic Coin Toss II  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .63
112. Even or Odd  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .64
113. Electronic Roulette . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .64
114. Electronic Dice  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .65
115. Roulette With Sound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .65
116. The Light Fantastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .66
117. ESP Tester  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .66
118. Close-In  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .67

VIII.A TRIP TO DIGITAL LAND (A Look at the
 Circuits That Let a Computer Work)
119. Three-Input OR Circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .67
120. Three-Input AND Circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .68
121. RTL Inverter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .68

122. RTL Buffer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .69
123. RTL OR Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .69
124. RTL AND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70
125. DTL OR Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .70
126. DTL AND Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .71
127. DTL NOR Gate .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .71
128. DTL NAND Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .72
129. DTL Exclusive OR Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .72
130. TTL Inverter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .73
131. TTL Buffer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .73
132. TTL OR Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .74
133. TTL AND Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .74
134. TTL 3-Input AND Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .75
135. TTL NOR Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .75

IX. MORE ADVENTURES IN DIGITAL LAND
 (Our Adventures Continue...)
136. TTL XOR Gate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .76
137. TTL NAND Enable Circuit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .76
138. TTL AND Enable Circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .77
139. TTL OR Enable Circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77
140. TTL Line Selector  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .78
141. TTL Data Selector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .78
142. TTL R-S Flip-flop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .79
143. TTL R-S Flip-flop II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .79
144. Transistorized Toggle Flip-flop  . . . . . . . . . . . . . . . . . . . . . . . . . .80
145. NAND Toggle Flip-flop. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .80
146. J-K Toggle Flip-flop  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .81
147. TTL Astable Multivibrator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .81
148. TTL J-K Flip-flop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .82
149. TTL D Flip-flop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .82
150. TTL Latch Circuit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .83
151. Shift Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .83

X. CIRCUITS THAT COUNT
 (These Are Also Used in Computers...)
152. Basic Counter Circuit  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .84
153. Synchronous Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .84
154. Asynchronous Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .85
155. Counter With Line Decoder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .85
156. Divide by 4 Counter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .86
157. Divide by 4 Counter with Line Decoder  . . . . . . . . . . . . . . . . . .86
158. How a Line Decoder Works . . . . . . . . . . . . . . . . . . . . . . . . . . . . .87
159. Multiple Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .87
160. Binary Counter with Display . . . . . . . . . . . . . . . . . . . . . . . . . . . .88
161. Divide by 3 Counter with Display  . . . . . . . . . . . . . . . . . . . . . . .88
162. Divide by 4 Counter with Display  . . . . . . . . . . . . . . . . . . . . . . .89

XI. SOME SILLY CIRCUITS
 (These Projects Are Strictly for Fun!)
163. Light or Sound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
164. Be Your Own Multivibrator  . . . . . . . . . . . . . . . . . . . . . . . . . 90
165. Anticipation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
166. Big Mouth!  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
167. Sound Stop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
168. Multivibrator Switching  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
169. Winking LEDs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
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Your kit includes many different parts
you’re going to use to build the 200 Projects.

If this is your first experience with 
electronics, you probably don’t know the 
difference between a resistor and a transistor. 
If so, don’t worry - let’s take a quick look at 
the different parts so you can identify them! 
(We’ve included a drawing of the part itself 
and its schematic symbol. Schematic symbols 
are used to make up circuit diagrams ... we’ll 
talk more about this later.)

Resistors - These are brown tube-shaped parts with 
FRORU�EDQGV�DURXQG�WKHP��5HVLVWRUV�RSSRVH�WKH�ÁRZ�
of electricity. There are 20 resistors in your Kit.

Diodes���'LRGHV�DOORZ�HOHFWULFLW\�WR�ÁRZ�WKURXJK�
them in just one direction. You’ll see that diodes 
can be used in a variety of circuits. There are three 
GLRGHV�LQ�\RXU�.LW�³�RQH�LV�PDGH�IURP�JHUPDQLXP�
(the Ge diode) and two out of silicon (the Si 
diodes).

Transistors - Your kit has four Transistors. There 
are two different types of transistors included: NPN 
and PNP. Transistors are used to switch, amplify 
DQG�RVFLOODWH��ZH·OO�ÀQG�RXW�ZKDW�WKRVH�ZRUGV�PHDQ�
later...).

Transformers - Your kit has two transformers. 
Transformers “match” different parts of a circuit to 
each other so the entire circuit can operate correctly. 
We’ll see how a transformer works later in this 
Manual...

Capacitors — Just about every Project in your kit 
uses at least one capacitor. There are 10 capacitors 
in your Kit. Four of them are tubular and blue (or 
JUD\���WKHVH�DUH�FDOOHG�electrolytic capacitors. 
You’ll notice these four electrolytics have a + 
EHVLGH�RQH�WHUPLQDO��:KHQ�EXLOGLQJ�D�3URMHFW��\RX·OO�
have to make sure you connect the + terminal of 
an electrolytic correctly. Other capacitors (and 
resistors) can be connected either way.

Control and Power Switch - This is actually two 
parts in one! The Control is a variable resistor. 
<RX�FDQ�FKDQJH�KRZ�PXFK�LW�RSSRVHV�WKH�ÁRZ�RI�
HOHFWULFLW\�E\�DGMXVWLQJ�WKH�&RQWURO�.QRE��7KHUH·V�
also a switch built into the Control. Turn the Control 
Knob fully to the left (counterclockwise) to OFF 
and you can shut off power to a circuit. Turn the 
&RQWURO�.QRE�WR�WKH�ULJKW��FORFNZLVH���\RX·OO�KHDU�D�
“click” when power in a circuit is ON. (We’ll refer 
to this as the ON position.)

Relay - The relay in your kit is actually a switch 
XVLQJ�DQ�HOHFWURPDJQHW��:H·OO�VHH�KRZ�LW�ZRUNV�
later.

Tuning Control - 7KH�WXQLQJ�FRQWURO�LQ�\RXU�NLW�LV�
DFWXDOO\�D�FDSDFLWRU�ZKRVH�YDOXH�FDQ�EH�FKDQJHG�E\�
WXUQLQJ�WKH�DWWDFKHG�NQRE��7KLV�W\SH�RI�FDSDFLWRU�LV�
known as a variable capacitor. It’s used mainly in 
radio circuits.

Meter���7KH�PHWHU�LV�D�YHU\�LPSRUWDQW�LQGLFDWLQJ�
DQG�PHDVXULQJ�GHYLFH��<RX·OO�XVH�LW�WR�PHDVXUH�WKH�
DPRXQW�RI�FXUUHQW�ÁRZLQJ�LQ�D�FLUFXLW�³�WKH�KLJKHU�
WKH�UHDGLQJ��WKH�PRUH�FXUUHQW�LV�ÁRZLQJ��<RX·OO�
QRWLFH�WKH�0HWHU�KDV���DQG�³�PDUNLQJV�EHVLGH�
its terminals. Be sure to make connections to the 
SURSHU�WHUPLQDO����RU�³��ZKHQ�EXLOGLQJ�D�3URMHFW�
XVLQJ�WKH�0HWHU�

LEDs���´/('µ�VWDQGV�IRU�´/LJKW�(PLWWLQJ�'LRGH�µ�
These work just like other diodes, except that LEDs 
JLYH�RII�OLJKW�ZKHQ�HOHFWULFLW\�ÁRZV�WKURXJK�WKHP��
There are six LEDs in your kit.

Lamp - The red Lamp on the front panel of your 
.LW�LV�D���YROW�LQFDQGHVFHQW�OLJKW�EXOE�OLNH�WKRVH�
XVHG�LQ�ÁDVKOLJKWV��Don’t connect more than 

3-volts to the Lamp. More voltage can bum out 

the Lamp.

LED Digital Display���7KLV�LV�DQ�DUUDQJHPHQW�
RI�VHYHQ�WLQ\�/('V��FDOOHG�VHJPHQWV���7KH�VHYHQ�
VHJPHQWV�IRUP�DQ�RXWOLQH�WKDW�\RX�FDQ�XVH�WR�
display most letters and numbers.
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Batteries - Your kit requires six type AA batteries 
(such as Tandy Cat. No. 23-552). Insert them in the 
Battery Compartment underneath your kit.

Key - The Key on the front panel of your kit is 
DFWXDOO\�DQRWKHU�VZLWFK��,W·V�WKH�VDPH�WKLQJ�DV�DQ�
ordinary push-button switch.

Earphone - You’re also already familiar with this 
SDUW��<RX�FDQ�OLVWHQ�WR�VRXQGV�WKURXJK�WKLV�LQVWHDG�
of the Speaker. (The Earphone uses less electricity 
than the Speaker.)

Switch - The select switch on the front of your kit 
is used to select between two different electrical 
connections (labeled A and B).

Speaker - You’re already familiar with what a speaker 
LV��,W�FRQYHUWV�HOHFWULFDO�HQHUJ\�WR�VRXQG�\RX�FDQ�KHDU�

Antenna Coil - You’ll use this part in radio circuits It’s a coil of wire wrapped around a dark colored rod made  
of ferrite (a special form of powdered iron).

Integrated Circuits�³�7KHUH�DUH�WZR�GLIIHUHQW�,QWHJUDWHG�&LUFXLWV�LQ�\RXU�.LW��,QWHJUDWHG�&LUFXLWV�DUH�SUREDEO\�
the most important components in electronics today. We’ll talk much more about these later...

CdS Cell - This part is located on the front panel just 
above the Lamp. We’ll talk more about this later ... for 
QRZ��ZH·OO�MXVW�VD\�LW�KDV�VRPHWKLQJ�WR�GR�ZLWK�OLJKW�

Terminals - The two Terminals (labeled T1 and T2) 
will be used in some Projects to make connections to 
external contacts or circuits.

-5-



-6-

+HUH·V�KRZ�WR�PDNH�FRQQHFWLRQV�XVLQJ�WKH�VSULQJ�
terminals ... be sure only the shiny, exposed ends 
RI�WKH�ZLUHV�WRXFK�WKH�VSULQJ�

Getting Started

Your new SCIENCE FAIR 200-in-l Electronics 
3URMHFW�.LW�PD\�EH�WKH�ÀUVW�RSSRUWXQLW\�\RX·YH�KDG�
to play around with electronic circuits. Even if it is, 
you can easily build all 200 projects without tools 
RU� VROGHULQJ�� &RQQHFWLRQV� DUH� VLPSOH� WKDQNV� WR� WKH�
VSULQJ� WHUPLQDOV� DWWDFKHG� WR� HDFK� SDUW�� $� ZLULQJ�
sequence is included with each project - all you have 
WR� GR� WR� EXLOG� D� ZRUNLQJ� SURMHFW� LV� FRQQHFW� ZLUHV�
EHWZHHQ� WKH� VSULQJ� WHUPLQDOV� OLVWHG� LQ� WKH� ZLULQJ�
sequence. We’ve included plenty of wire with this kit 
IRU�PDNLQJ�FRQQHFWLRQV�

$V�\RX�FDQ�VHH�IURP�WKH�OLVW�RI�SURMHFWV�RQ�SDJHV���
DQG���ZH·YH�DUUDQJHG�WKH�����SURMHFWV�LQWR�GLIIHUHQW�
FDWHJRULHV��:KLOH� \RX� GRQ·W� KDYH� WR� EXLOG� DOO� ����
SURMHFWV� LQ� RUGHU�� ZH·YH� WULHG� WR� RUJDQL]H� WKHP� VR�
WKDW�WKH�WKLQJV�\RX�ÀQG�RXW�DERXW�HOHFWURQLFV�LQ�HDUO\�
SURMHFWV�ZLOO�KHOS�\RX�XQGHUVWDQG�ZKDW·V�JRLQJ�RQ�LQ�
later projects.

Your kit requires six type AA batteries (we recommend 
XVLQJ� 7DQG\� &DWDORJ� 1XPEHU� ������� IRU� ORQJHVW�
life). Install them in the battery compartment on the 
bottom of your kit. Be sure to install the batteries 
FRUUHFWO\� DFFRUGLQJ� WR� WKH� �� DQG³PDUNLQJV� LQVLGH�
the battery compartment. (The + end of a battery is 
the one with the small metal cap.)

:KHQHYHU� \RX·UH� QRW� XVLQJ� \RXU� NLW�� UHPRYH� WKH�
batteries. Never leave weak or dead batteries in your 
NLW�³� WKH\� FDQ� OHDN� GDPDJLQJ� FKHPLFDOV� �HYHQ� LI�
WKH\·UH�´OHDN�SURRIµ� W\SHV���7KLV� LV� D�JRRG�KDELW� WR�
JHW�LQWR�IRU�DOO�EDWWHU\�RSHUDWHG�LWHPV�

Building Projects

7KH�VSULQJ�WHUPLQDOV�DQG�SUH�FXW�ZLUH�PDNH�LW�D�VQDS�
WR�EXLOG� WKH�SURMHFWV��7R�FRQQHFW�D�ZLUH� WR�D� VSULQJ�
WHUPLQDO�� MXVW� EHQG� WKH� VSULQJ�RYHU� WR� RQH� VLGH� DQG�
LQVHUW� WKH�ZLUH� LQWR� WKH�RSHQLQJ��6RPHWLPHV� WZR�RU�
WKUHH�ZLUHV�DUH�FRQQHFWHG�WR�D�VLQJOH�VSULQJ�VR�PDNH�
VXUH� WKH� ÀUVW� ZLUH� GRHVQ·W� FRPH� ORRVH� ZKHQ� WKH�
second and third wires are inserted. The easiest way 
WR�GR�WKLV�LV�WR�SXVK�WKH�VSULQJ�RQ�WKH�VLGH�RSSRVLWH�
ZKHUH�WKH�ÀUVW�ZLUH�KDV�DOUHDG\�EHHQ�LQVHUWHG�

Be sure that only the exposed, shiny part of the 
ZLUH�LV�LQVHUWHG�LQ�WKH�VSULQJ�WHUPLQDO��,I�WKH�SODVWLF�
insulation part is inserted into the terminal, electrical 
contact won’t be made and the circuit will not work. 
7R� UHPRYH� ZLUHV� IURP� VSULQJ� WHUPLQDOV�� MXVW� EHQG�
each terminal and pull the wires from it.

$IWHU�XVLQJ�\RXU�NLW�IRU�D�ZKLOH��VRPH�RI�WKH�H[SRVHG�
ZLUH�HQGV�PLJKW�EUHDN�RII��,I�WKLV�KDSSHQV��MXVW�UHPRYH�
10mm of insulation from the broken end and twist 
WKH�VWUDQGV� WRJHWKHU��<RX�FDQ�UHPRYH� WKH� LQVXODWLRQ�
with a penknife or wire stripper tool (available from 
Tandy).

+HUH·V� DQ� H[DPSOH� RI� XVLQJ� WKH� ZLULQJ� VHTXHQFH�
provided for each project. Suppose a project has the 
IROORZLQJ�ZLULQJ�VHTXHQFH�

123-7, 6-2, 4-33-121, 122-3, 5-87

Here’s what you do:

�� Connect a wire between terminals 123 and 7
�� Connect another wire between terminals 6 and 2
�� Connect a wire between terminals 4 and 33 and 

another between 33 and 121
�� Connect a wire between 122 and 3

&RQWLQXH� LQ� WKLV� PDQQHU� XQWLO� \RX·YH� ÀQLVKHG� DOO�
connections.

1RWH��,Q�WKH�ZLULQJ�VHTXHQFHV�LQ�WKLV�PDQXDO��ZH·YH�
GHOLEHUDWHO\� OHIW�DQ� LPSRUWDQW�ZLULQJ�FRQQHFWLRQ�IRU�
last. This connection supplies power to the Project. 
Be sure to make this connection last to prevent 
SRVVLEOH�GDPDJH�WR�GHOLFDWH�FRPSRQHQWV�

Troubleshooting

If you build each circuit properly, you should have 
QR�WURXEOH�JHWWLQJ� LW� WR�RSHUDWH�SURSHUO\��%XW� LI�\RX�
GR�KDYH�D�SUREOHP��\RX�FDQ�XVXDOO\�ÀQG�DQG�FRUUHFW�
LW�XVLQJ�WKH�IROORZLQJ�VWHSV�

1. Have you assembled the project properly? 
&KHFN�WKH�ZLULQJ�WHUPLQDOV�WR�PDNH�VXUH�
\RX·YH�PDGH�DOO�ZLULQJ�FRQQHFWLRQV�FRUUHFWO\��
6RPHWLPHV�LW·V�D�JRRG�LGHD�WR�KDYH�VRPHRQH�
else take a look at it too - a second pair of eyes 
PD\�VHH�VRPHWKLQJ�\RX·YH�RYHUORRNHG� 

2. Are the batteries fresh? If not, they could be too 
weak to power the Project. 

3. ,I�WKH�FLUFXLW�XVHV�WKH�&G6�FHOO��LW�PLJKW�EH�
JHWWLQJ�WRR�PXFK�RU�QRW�HQRXJK�OLJKW� 

4. If the lamp doesn’t work, make sure it’s screwed 
all the way into its socket.

A Suggestion

As you wire up a project (especially the ones with 
ORWV�RI��FRQQHFWLRQV��\RX�PLJKW�ÀQG�LW�KHOSIXO�WR�PDUN�
WKURXJK�HDFK�WHUPLQDO�QXPEHU�DV�\RX�FRQQHFW�WR�LW��,I�
you use different colored pencils you will be able to 
build a circuit many times (and still be able to read all 
WKH�ZLULQJ�VHTXHQFH��

6-9-73-80-127, 10-81-98-104-102
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Keeping a Notebook

<RX·UH�JRLQJ�WR�ÀQG�RXW�D�ORW�DERXW�HOHFWURQLFV�DV�\RX�SOD\�DURXQG�ZLWK�
this kit. Much of what you discover about electronics in early projects 
ZLOO�EH�XVHIXO�LQ�ODWHU�SURMHFWV��<RX�ZLOO�ÀQG�RXW�PDQ\�OLWWOH�WKLQJV�ZKLOH�
EXLOGLQJ�WKH�SURMHFWV�WKDW�ZLOO�FRPH�LQ�KDQG\�ZKHQ�\RX�VWDUW�PRGLI\LQJ�
DQG�GHVLJQLQJ�\RXU�RZQ�FLUFXLWV��<RX·OO�QHHG�VRPH�ZD\�WR�FROOHFW�DQG�
RUJDQL]H�DOO�WKLV�LQIRUPDWLRQ��WKDW�LV�ZK\�ZH�VWURQJO\�VXJJHVW�NHHSLQJ�D�
notebook.

Your notebook doesn’t have to be like the ones you keep at school. Think 
RI�LW�DV�\RXU�GLDU\�³�\RX·OO�KDYH�IXQ�ORRNLQJ�EDFN�RQ�LW�DIWHU�\RX�ÀQLVK�
all 200 projects. We’ll ask you several times in this manual to make 
notes in your notebook. There’s a reason for this - as you’ll discover 
later in this manual!

A Few Final Thoughts ...

'RQ·W�EH�DIUDLG�WR�H[SHULPHQW�ZLWK�WKH�FLUFXLWV�LQ�WKLV�PDQXDO��&KDQJH�
parts - make new connections - substitute the meter for the speaker, etc. 
While we’ve prepared 200 Projects for you, you can actually create 
PDQ\�PRUH�FLUFXLWV�ZLWK�D� OLWWOH� LPDJLQDWLRQ�DQG�H[SHULPHQWDWLRQ��%H�
sure to record your “creations” in your notebook.

:H�KRSH�\RXU�����LQ���(OHFWURQLFV�3URMHFW�.LW�LV�WKH�VWDUW�RI�VRPHWKLQJ�
that will excite and stimulate you. Electronics plays an important role 
LQ�WRGD\·V�ZRUOG³DQG�LWV�LPSRUWDQFH�LV�LQFUHDVLQJ��:H�KRSH�HOHFWURQLFV�
becomes a lifetime hobby — or even your career.

%XW�HQRXJK�WDON�³�OHW·V�VWDUW�RXU�H[SORUDWLRQ�WRJHWKHU�

$QG�UHPHPEHU�³�LI�DOO�HOVH�IDLOV��
UHDG�\RXU�PDQXDO�



1. WHEEL OF FORTUNE

You’ve probably seen a roulette wheel or “wheel of 
IRUWXQHµ� W\SH� JDPH� LQ� RSHUDWLRQ��<RX� NQRZ� KRZ� LW�
ZRUNV� ���� SOD\HUV� WU\� WR� JXHVV�ZKHUH� WKH�ZKHHO�ZLOO�
VWRS�DQG�WKH\�ZLQ�LI�WKH\�JXHVV�ULJKW��:H�FRXOGQ·W�ÀQG�
URRP�LQ�WKLV�NLW�IRU�WKH�UHDO�WKLQJ��EXW�ZH·YH�LQFOXGHG�
an electronic version!

7KLV�SURMHFW�KDV�D�ORW�RI�ZLULQJ�FRQQHFWLRQV��VR�ZLUH�LW�
slowly and carefully. And be sure the control knob is 
VHW�WR�2))�GXULQJ�WKH�ZLULQJ�

8VLQJ� WKLV� HOHFWURQLF� ´ZKHHO� RI� IRUWXQHµ� LV� VXSHU�
simple. Turn the control knob clockwise to ON and 
press down on the key. You’ll notice the lower half 
RI�WKH�GLJLWDO�GLVSOD\�ZLOO�OLJKW�XS�DQG�VHHP�WR�´VSLQµ�
DURXQG�� �,W·V� QRW� UHDOO\� VSLQQLQJ�� RI� FRXUVH� ³� WKH�
GLIIHUHQW� VHJPHQWV� DUH� MXVW� UDSLGO\� EOLQNLQJ� RQ� DQG�
RII��RQH�DIWHU�WKH�RWKHU���'XULQJ�WKH�´VSLQQLQJµ�\RX·OO�
hear a funny sound from the speaker. After a few 
PRPHQWV� ERWK� WKH� ´VSLQQLQJµ� DQG� VRXQG� ZLOO� VORZ�
GRZQ��(YHQWXDOO\��LW�ZLOO�VWRS�ZLWK�MXVW�RQH�VHJPHQW�
OLW�DQG�D�VWHDG\�VRXQG�FRPLQJ�IURP�WKH�VSHDNHU�

<RX·OO�QRWLFH�D�FRXSOH�RI�LQWHUHVWLQJ�WKLQJV�DERXW

WKLV�FLUFXLW��(DFK�VHJPHQW�RI�WKH�GLVSOD\�KDV�LWV�RZQ�
sound. And the speed at which the display “spins” 
GHSHQGV� XSRQ� WKH� FRQWURO�� 7U\� PRYLQJ� WKH� FRQWURO�
.QRE�ZKLOH� WKH�´ZKHHOµ� LV�´VSLQQLQJµ����QRWLFH�KRZ�
you can make it slow down or speed up?

<RX�FDQ�XVH�WKLV�SURMHFW�DV�D�JDPH�E\�JXHVVLQJ�ZKLFK�
VHJPHQW� ZLOO� EH� OLW� ZKHQ� WKH� ´ZKHHOµ� ÀQDOO\� VWRSV�
´VSLQQLQJ�µ�2U�\RX�FDQ�WU\�WR�PDNH�WKH�´ZKHHOµ�VWRS�
DW�D�FHUWDLQ�VHJPHQW�E\�DGMXVWLQJ�WKH�FRQWURO�ZKLOH�LW�
LV�VWLOO�´VSLQQLQJ�µ

7KLV�SURMHFW�LV�D�´GLJLWDOµ�FLUFXLW��ZH·OO�ÀQG�RXW�PRUH�
about that later). Notice how this project uses both 
LQWHJUDWHG� FLUFXLWV� IRXQG� LQ� \RXU� NLW��'R� \RX� NQRZ�
ZKDW� DQ� LQWHJUDWHG� FLUFXLW� LV"� 3UREDEO\� QRW���� EXW�
WDNH� D� JXHVV� DQG�PDNH� D� QRWH� RI� LW� �UHPHPEHU��ZH�
VXJJHVWHG�WKDW�\RX�NHHS�D�SHUVRQDO�QRWHERRN����QRZ·V�
\RXU� FKDQFH� WR� XVH� LW��� /DWHU� RQ�ZH·OO� ÀQG� RXW� DQG�
ZH·OO�VHH�KRZ�FORVH�\RX�FRPH�WR�WKH�ULJKW�DQVZHU�

This circuit probably seems very complicated now. 
But by the end of this manual you’ll probably be able 
WR� H[SODLQ� KRZ� LW�ZRUNV�� �7KLQN�ZH·UH� MRNLQJ"� -XVW�
wait - you ‘ll see!)

Wiring Sequence

6-9-73-80-127, 10-81-98-104-102-122-118-58-51, 27-137, 28-101-103-167, 31-33-35-37-76-91, 
32-82-83, 34-42, 36-44, 38-72, 50-77-95, 52-96-92, 53-173, 54-174, 60-140, 71-145-117, 74-79, 
97-75-138, 107-113-125, 108-84-150, 109-106-121, 110-116-124, 111-43-147, 114-41-151,  
115-112-120-132, 141-144-5-78-105-119-123-126-134-133-131-130-129-128-168.

2. THE NOISY LIGHT

6RPH� WKLQJV� JR� RXW� ZLWK� D� EDQJ���� RWKHUV� ZLWK� D�
ZKLPSHU����EXW�WKLV�SURMHFW�MXVW�JRHV�SRS�

:KHQ�\RX�ÀQLVK�ZLULQJ� WKLV�SURMHFW��SUHVV�DQG�KROG�
GRZQ� WKH�.H\��/('��� RQ� WKH� IURQW� SDQHO�ZLOO� OLJKW�
XS��.HHS�KROGLQJ�GRZQ�WKH�.H\��DQG�/('���ZLOO�JR�
RXW��<RX·OO�KHDU�D�´SRSSLQJµ�VRXQG�IURP�WKH�6SHDNHU�
when this happens.

%XW� NHHS� KROGLQJ� WKH� NH\� GRZQ� DQG� VRPHWKLQJ�
LQWHUHVWLQJ� KDSSHQV���� WKH� /('� ZLOO� OLJKW� EDFN� XS��
,W�ZLOO�EULHÁ\�VWD\�RQ�DQG�ZLOO�JR�RXW�DJDLQ��PDNLQJ�
DQRWKHU�´SRSµ�DV�LW�JRHV�RXW��7KLV�ZLOO�FRQWLQXH�RYHU�
DQG�RYHU�DV�ORQJ�DV�\RX�KROG�WKH�NH\�GRZQ�

The Project uses a multivibrator circuit. Multivibrator 
FLUFXLWV� OHW� XV� VZLWFK� WKLQJV� �OLNH� WKH� /('� LQ� WKLV�
project) on and off electronically. They’re also used 
LQ�PDQ\�RI�WKH�GLJLWDO�HOHFWURQLFV�FLUFXLWV�LQ�\RXU�NLW�

We’ll talk more about multivibrator circuits later. For 
QRZ�� FDQ�\RX�JXHVV� KRZ� WKLV� W\SH�RI� FLUFXLW� JRW� LWV�
name? (Here’s a hint - how many different

WKLQJV�GRHV�WKLV�FLUFXLW�GR""�

0DNH�D�QRWH�RI�\RXU�JXHVV����ODWHU�ZH·OO�VHH�KRZ�FORVH�
you come to the truth.

Wiring Sequence

1-50, 2-23-25-152-55, 9-153, 10-74-102, 24-73-103, 26-76-101, 41-75,
42-44-167, 43-78, 52-77-104, 53-173, 54-174, 57-58, 60-168.

NOTES
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3. ELECTRONIC CANDLE

%ORZLQJ� RXW� D� FDQGOH� LV� HDV\� �� EXW� KDYH� \RX� HYHU�
WULHG�EORZLQJ�RXW�DQ�HOHFWULF�OLJKW"�<RX�FDQ�ZLWK�WKLV�
project! This little bit of electronic trickery will keep 
\RXU�IULHQGV�JXHVVLQJ�KRZ�\RX�GR�LW�

This trick works best in a dark room. Turn the control 
knob clockwise to switch power ON and carefully 
adjust the control to the point where the lamp is about 
WR� WXUQ� RQ�� 7HOO� \RXU� IULHQGV� \RX� PXVW� ´OLJKWµ� WKH�
HOHFWURQLF�FDQGOH�ZLWK�³�ZKDW�HOVH"�³�D�ÁDVKOLJKW��
6KLQH�WKH�ÁDVKOLJKW�RQ�WKH�&G6�FHOO��RQ�WKH�IURQW�SDQHO�
RI�\RXU�NLW���WKH�ODPS�ZLOO�WXUQ�RQ�

Now you’re ready to “blow” your electronic candle 
out. Cup your hand around the lamp and blow on it. 
6OLJKWO\�PRYH�\RXU�KDQG�VR�WKDW�\RX�FRYHU�XS�WKH�&G6�
&HOO��3UHVWR��7KH� ODPS�ZLOO�JR�RXW��7R�´UH�OLJKWµ� LW��
VLPSO\�VKLQH�WKH�ÁDVKOLJKW�RQ�LW�DJDLQ�

As you probably suspect, the CdS cell is sensitive 
WR�OLJKW��:H�FDQ��DQG�ZLOO��XVH�WKH�&G6�&HOO�LQ�RWKHU�
SURMHFWV�WR�FRQWURO�FLUFXLWV�XVLQJ�OLJKW�

/LNH�DOO�JRRG�PDJLFLDQV��\RX·OO�KDYH�WR�UHKHDUVH�WKLV�
WULFN�D�IHZ�WLPHV�EHIRUH�SHUIRUPLQJ�LW�IRU�RWKHUV��,W·V�
important that you only try this trick in a dark room. 
$QG�\RX·OO�ÀQG�WKDW�DGMXVWLQJ�WKH�FRQWURO�WR�WKH�SRLQW�
to let you do this trick will take some practice.

+DYH� IXQ� ZLWK� WKLV� SURMHFW� �� DQG� SOHDVH� GRQ·W� JLYH�
away the secret of how you do it!

Wiring Sequence

44-62-55-172, 57-58, 59-170, 60-140, 61-43-77, 64-169, 65-78-141-139, 76-138, 137-171.

4. RAIN DETECTOR

2QH� ZD\� WR� WHOO� LI� LW·V� UDLQLQJ� LV� WR� VWDQG� RXWVLGH�
ZLWKRXW� DQ� XPEUHOOD���� LI� \RX� JHW� ZHW�� LW·V� UDLQLQJ��
Fortunately, there is a better way — our rain detector 
circuit.

$IWHU�\RX�ÀQLVK�WKH�ZLULQJ�IRU�WKLV�SURMHFW��FDUHIXOO\�
SODFH� WKH� H[SRVHG� HQGV�RI� WKH� WZR� ORQJ�ZLUHV� VLGH�
by-side on a piece of plastic or wood. Place the two 
H[SRVHG� HQGV� DV� FORVH� DV� \RX� FDQ� ZLWKRXW� KDYLQJ�
WKHP� WRXFK��8VH� WDSH� WR�KROG� WKH� WZR� ORQJ�ZLUHV� LQ�
place (make sure their exposed ends don’t touch and 
that the exposed ends aren’t covered by the tape).

8VLQJ�WKLV�SURMHFW�LV�D�VQDS��-XVW�VHW�WKH�FRQWURO�NQRE�
clockwise to switch power ON and place the two 
ORQJ�ZLUHV�ZKHUHYHU�\RX�ZDQW�WR�GHWHFW�UDLQ�RU�ZDWHU��
:KHQ�ZDWHU�IDOOV�RQ�WKH�HQGV�RI�WKH�ORQJ�ZLUHV��\RX·OO�
hear a sound from the speaker.

<RX�FDQ�XVH�WKLV�SURMHFW�IRU�PRUH�WKDQ�MXVW�GHWHFWLQJ�
rain, of course. You can use it to check if a tap is 
GULSSLQJ��RU�LI�WKH�ZDWHU�LQ�WKH�EDWKWXE�RU�DTXDULXP�LV�
JHWWLQJ�WRR�KLJK�

This project works because water can conduct 
HOHFWULFLW\��MXVW�OLNH�D�ZLUH��:KHQ�ZH�VD\�VRPHWKLQJ�
can “conduct” electricity, we mean electricity can 
ÁRZ�WKURXJK�LW��:KHQ�ZDWHU�IDOOV�RQ�WKH�H[SRVHG�HQGV�
RI�WKH�WZR�ORQJ�ZLUHV��LW�´FRPSOHWHVµ�WKH�FLUFXLW�DQG�
you hear a sound from the speaker. But water doesn’t 
conduct electricity as well as a wire, which is why we 
KDYH�WKH�H[SRVHG�HQGV�VR�FORVH�WRJHWKHU�

But does all water conduct alike? Try this - remove 
WKH� WZR� ORQJ� ZLUHV� IURP� WKH� ZRRG� RU� SODVWLF� \RX�
WDSHG�WKHP�WR��*HW�WZR�JODVVHV�RI�ZDWHU��,Q�RQH�JODVV�
dissolve as many spoons of salt as you can. In the 
IUHVK�ZDWHU�JODVV�SODFH�WKH�H[SRVHG�HQGV�RI�WKH�WZR�
ORQJ�ZLUHV� DV� IDU� DSDUW� DV� \RX� FDQ��0RYH� RQH� ORQJ�
wire toward the other. Note when you hear a sound 
IURP� WKH� VSHDNHU��1RZ� WU\� WKH� VDPH� WKLQJ�ZLWK� WKH�
JODVV� RI� VDOW� ZDWHU�� ,Q� ZKLFK� RQH� GLG� WKH� GHWHFWRU�
VRXQG�ZLWK�WKH�ZLUHV�IDUWKHVW�DSDUW"�7KDW·V�WKH�JODVV�
with the water that conducts electricity best!

Wiring Sequence

21-23-73-91, 22-75-141, 24-175, 50-96-92, 51-58-176, 52-74-95, 53-173, 54-174, 60-140, 
T1-LONG WIRE, T2-LONG WIRE.
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5. EAR SPLITTER

,I�WKLQJV�DUH�WRR�TXLHW�DURXQG�\RXU�KRXVH��WKLV�SURMHFW�
ZLOO� À[� WKDW� LQ� D� KXUU\�� 2QFH� \RX� WU\� WKLV� SURMHFW�
you’ll know that it really lives up to its name.

:KHQ�\RX�ÀQLVK�ZLULQJ� WKLV�SURMHFW�� VHW� WKH�FRQWURO�
knob clockwise to turn power ON. You’ll immediately 
KHDU�D�ORXG��SLHUFLQJ�WRQH��DV�ZLOO�HYHU\RQH�HOVH�LQ�WKH�
house/). When you press the key, you’ll notice that 
the sound from the speaker will become lower in tone 
��EXW�VWLOO�ORXG�DV�HYHU��%\�SUHVVLQJ�WKH�NH\�LQ�WKH�ULJKW�
rhythm you can create sounds like a police siren or 
ambulance.

The project uses an audio oscillator circuit. You’ll 
ÀQG� WKLV� WR� EH� D� YHU\� FRPPRQ� W\SH� RI� FLUFXLW� LQ�
electronics — it’s used in many projects in this 
manual.

:K\� GRHV� WKH� FLUFXLW� FKDQJH� WRQH�ZKHQ� WKH� NH\� LV�
SUHVVHG"�6RUU\���ZH·UH�QRW�JRLQJ�WR�WHOO�\RX�\HW��%XW�
WU\�IROORZLQJ�WKH�ZLUHV�IURP�WKH�NH\�WR�WKH�RWKHU�DUHDV�
of the parts board. What do they connect to? (Okay, 
here’s a hint: the key adds another part to the circuit. 
1RZ�WU\�DQG�ÀQG

which part.)

Make a note of which part you think it is. Later on 
ZH·OO�VHH�KRZ�VKDUS�\RX�ZHUH�LQ�ÀJXULQJ�WKLV�FLUFXLW�
out...

Wiring Sequence

33-73-93-168, 34-51-58, 50-94-96-92, 52-95-74, 53-173, 54-174, 60-140, 75-141, 91-167.

6. PENCIL LEAD ORGAN

<RX�NQRZ�DERXW�HOHFWURQLF�RUJDQV�WKDW�KDYH�NH\ERDUGV�
... but one with a pencil lead? It’s possible with this 
Project!

To use this project, you’ll need to draw a box four 
LQFKHV� ORQJ� DQG� D� TXDUWHU�LQFK� ZLGH� RQ� D� VKHHW� RI�
SDSHU��)LOO�LQ�WKH�ER[�XVLQJ�D�VRIW�SHQFLO��0DNH�VXUH�
WKDW�D�KHDY\�FRDWLQJ�RI�SHQFLO�OHDG�LV�OHIW�LQ�WKH�ER[�

:H�NQRZ�ZKDW�\RX·UH�WKLQNLQJ����´ZK\�RQ�(DUWK�GLG�
I do that??” Believe it on not, that penciled-in box is 
WKH�NH\ERDUG�\RX·UH�JRLQJ�WR�XVH�WR�SOD\�WKH�RUJDQ�

Turn the control knob clockwise to ON and place the 
H[SRVHG�HQG�RI�RQH�RI�WKH�ORQJ�ZLUHV�DW�RQH�HQG�RI�WKH�
penciled-in box. Take the exposed end of the other 
ORQJ�ZLUH�DQG�SODFH�LW�DW�WKH�RSSRVLWH�HQG�RI�WKH�ER[��
&DUHIXOO\�PRYH�WKH�WZR�ORQJ�ZLUHV�WRZDUG�HDFK�RWKHU��
You’ll discover that you will hear sound from the 
VSHDNHU�ZKHQ�WKH�WZR�ORQJ�ZLUHV�DUH�FORVH�HQRXJK��$V�
\RX�JHW�PRUH�VNLOOHG�LQ�PRYLQJ�WKH�ZLUHV��\RX·OO�EH�
DEOH�WR�SOD\�VLPSOH�WXQHV�RQ�\RXU�3HQFLO�/HDG�2UJDQ�

Don’t be surprised if you have to try several different 
SHQFLOV�EHIRUH�\RX�ÀQG�RQH� WKDW�JLYHV�JRRG� UHVXOWV��
A very soft lead (such as the kind in a #1 pencil) will 
probably work best.

<RX�PLJKW�EH�VXUSULVHG�WR�UHDOL]H�WKDW�RUGLQDU\�SHQFLO�
lead can conduct electricity, just like a wire. Jot down 
a few more common items that you think may also 
be able to conduct electricity -we’ll check them later 
DQG�ÀQG�RXW�

Wiring Sequence

25-176, 29-81-58, 30-79-94-175, 50-93-95, 51-26-141, 52-80-96, 53-173,
54-174, 60-140, TI-LONG WIRE, T2-LONG WIRE.

NOTES
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7. THE ELECTRIC HUMAN

In the last project, we asked you to think of some other 
WKLQJV� WKDW� FDQ� FRQGXFW� HOHFWULFLW\��'LG�\RX� LQFOXGH�
yourself? It’s true — you can conduct electricity just 
like a wire.

This project will let you measure how well your body 
can conduct electricity. Don’t worry - the electricity 
will be so small you won’t even know it’s there. But 
\RX�FDQ�PHDVXUH�LW�XVLQJ�WKH�VHQVLWLYH�FLUFXLW�LQ�WKLV�
project.

:KHQ�\RX�ÀQLVK�PDNLQJ�WKH�ZLULQJ�FRQQHFWLRQV��WXUQ�
the control knob clockwise until you hear a “click.” 
Adjust the control knob so that the meter points to 
]HUR��1RZ�WDNH�RQH�RI�WKH�ORQJ�ZLUHV�LQ�HDFK�KDQG�DQG�
JUDVS�WKHP�E\�WKHLU�H[SRVHG�HQGV��1RZ�VTXHH]H�WKH�
exposed ends and watch the meter. What happens?

The meter moved — and it did so because electricity 
ÁRZHG�WKURXJK�\RXU�ERG\�IURP�RQH�ORQJ�ZLUH�WR�WKH�
RWKHU��7KH� KDUGHU� \RX� VTXHH]H� WKH� H[SRVHG� HQGV� RI�
WKH� ORQJ�ZLUHV�� WKH�PRUH� WKH�PHWHU�ZLOO�PRYH��&DQ�
\RX�JXHVV�ZK\"

<RX�FDQ�DOVR�PDNH�WKH�PHWHU�PRYH�PRUH�E\�DGMXVWLQJ�
WKH� FRQWURO�� �<RX·YH� SUREDEO\� DOUHDG\� ÀJXUHG� RXW�
WKDW� WKH�FRQWURO�ZRUNV�E\�FRQWUROOLQJ� WKH�DPRXQW�RI�
HOHFWULFLW\�WKDW�ÁRZV�WKURXJK�D�FLUFXLW��KDYHQ·W�\RX"�

,W·V�UHDOO\�QRW�WRR�VXUSULVLQJ�WKDW�HOHFWULFLW\�FDQ�ÁRZ�
WKURXJK� \RXU� ERG\��:H·YH� DOUHDG\� VHHQ� WKDW� ZDWHU�
can carry electricity, and your body is mostly water! ( 
Didn’t know that eh? Well, now you do!)

A more complicated version of this circuit is used 
in lie detectors. When a person lies, they are usually 
nervous. They perspire more, and this makes it easier 
for their body to conduct electricity. So if someone’s 
ERG\�OHWV�PRUH�HOHFWULFLW\�ÁRZ�WKDQ�QRUPDO��LW·V�RIWHQ�
D�JRRG�VLJQ�WKDW�WKH\·UH�QRW�WHOOLQJ�WKH�WUXWK�

Try this project as a lie detector with your friends. 
How well does it work? (And here’s an exercise for 
\RXU�EUDLQ��<RX·YH�SUREDEO\�KHDUG�RI�´YROWDJHµ�DQG�
“current.” Have any idea what they are? Which one 
do you think your body conducted? Make a mental 
note...)

Wiring Sequence

10-78, 20-76-80, 25-138, 26-35-175, 27-142, 28-77, 36-79, 55-81-143-139,
57-58, 60-140, 141-19-9-176, Tl -LONG WIRE, T2-LONG WIRE.

8. THE ELECTROSONIC HUMAN

An electrosoniwhatsis human???

Relax ... the title of this project is just a fancy way 
RI� WHOOLQJ� \RX� WKDW� WKLV� FLUFXLW� LV� VLPLODU� WR� WKH� RQH�
LQ�3URMHFW���EXW�ZLWK�RQH�ELJ�GLIIHUHQFH�³�\RX�KHDU�
ZKHQ� HOHFWULFLW\� LV� ÁRZLQJ� WKURXJK� \RXU� ERG\�� QRW�
just see it on the Meter.

<RX�XVH� WKLV�SURMHFW� MXVW� OLNH� WKH� ODVW�RQH� ��JULS� WKH�
H[SRVHG� HQGV� RI� WKH� ORQJ� ZLUHV� DQG� VTXHH]H� WKHP�
WLJKWO\�� 7KH� VRXQG� \RX� KHDU� IURP� WKH� 6SHDNHU� ZLOO�
FKDQJH�DV�WKH�DPRXQW�RI�HOHFWULFLW\�ÁRZLQJ�WKURXJK�
\RXU�ERG\�FKDQJHV�

This project can be used as a lie detector just like 
SURMHFW����DOWKRXJK�KHUH�WKH�FRQWURO�FKDQJHV�WKH�WRQH�
RI� WKH� VRXQG� IURP� WKH� VSHDNHU���<RX�PLJKW�ZDQW� WR�
compare the two circuits and see which one is best at 
FDWFKLQJ�ÀEEHUV�

You can also use this circuit to see how well other 
WKLQJV� OHW� HOHFWULFLW\� ÁRZ� WKURXJK� WKHP�� 7U\� VXFK�
WKLQJV�DV�VSRRQV��FRLQV��GLIIHUHQW�SDFNDJHV��IXUQLWXUH��
HWF��0DNH�QRWHV�RI�WKLQJV�WKDW�OHW�HOHFWULFLW\�ÁRZ�ZHOO�
and those that don’t.

Wiring Sequence

25-175, 26-76-91, 50-96-92, 52-77-95, 53-173, 54-174, 58-51-138, 60-140, 78-141, 137-176, 
Tl-LONG WIRE, T2-LONG WIRE.

NOTES
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9. ELECTRIC BIRTHDAY CAKE

%ORZLQJ�RXW�DOO�WKH�FDQGOHV�RQ�D�ELUWKGD\�FDNH�ZLWK�
D� VLQJOH�EUHDWK� LV�D�ELJ� MRE����EXW� LW·V�QRW�DV�KDUG�DV�
WU\LQJ� WR� ´EORZ� RXWµ� DOO� WKH� /('V� RQ� WKLV� (OHFWULF�
Birthday Cake!

7KLV�SURMHFW�LV�D�JDPH�WKDW�ZLOO�UHDOO\�WHVW�WKH�OXQJV�RI�
you and your friends. This circuit will respond to your 
breath as it hits the earphone and turns out the LEDs 
one-by-one as you blow.

$IWHU� \RX� ÀQLVK� WKH� ZLULQJ� FRQQHFWLRQV�� FRQQHFW�
the earphone to terminals 1 and 2 on the front panel 
of your kit. Set the control knob to about its center 
position (to 5, 6 or 7). You’ll see LED 1, LED 2 and 
/('���OLJKW�XS�

1RZ�EORZ�LQWR�WKH�HDUSKRQH�DV�VWURQJO\�DV�\RX�FDQ��
7KH�/('V�ZLOO�JR�RXW�RQH�E\�RQH�DV�\RX�EORZ�LQWR�WKH�
HDUSKRQH��7KH�ZLQQHU�RI�WKLV�JDPH�LV�WKH�RQH�ZKR�FDQ�
PDNH�DOO�WKH�/('V�JR�RXW�RU�WKH�RQH�ZKR�FDQ�JHW�WKHP�
WR�JR�RXW�LQ�WKH�VKRUWHVW�WLPH�

,I�\RX�FDQ·W�JHW�DOO�WKH�/('V�WR�JR�RXW��WXUQ�WKH�&RQWURO�
WR�WKH�ULJKW�³�WKLV�ZLOO�PDNH�LW�HDVLHU�WR�́ EORZµ�DOO�WKH�
/('V�RXW��%XW�LI�\RX�PDQDJHG�WR

PDNH�DOO�WKH�/('V�JR�RXW�DQG�ZDQW�D�QHZ�FKDOOHQJH��
turn the Control to the left. This will make it more 
GLIÀFXOW� WR� ´EORZµ� WKH� /('V� RXW� �\RX� UHDOO\� KDYH�
VWURQJ�OXQJV�LI�\RX�QHHG�WR�VHW�WKH�&RQWURO�DOO�WKH�ZD\�
to the left!).

1RWLFH� WKDW� WKLV� SURMHFW� XVHV� RQH� RI� WKH� LQWHJUDWHG�
circuits. How do you think this project “decides” 
ZKHQ�\RX·YH� EORZQ�KDUG� HQRXJK� LQWR� WKH� HDUSKRQH�
to turn off the LEDs? Make a note of what you think 
KDSSHQV�³�LW�ZRQ·W�EH�ORQJ�EHIRUH�\RX�ZLOO�EH�DEOH�WR�
explain what happens. (We promise!)

Wiring Sequence

4-81-112, 6-74-77-79-82-101-106, 8-152, 9-7-5-3-11-13-15-36-102-58-118, 10-154, 12-43-115, 
14-16-156, 35-137-175, 44-84, 60-140, 73-138, 75-76, 108-153, 114-155, 117-157, 141-139-78-
80-83-113-105-107-116-176, Tl-EARPH0NE-T2.

10. QUICK DRAW

Who’s the fastest draw in the West? (Or even the East?) 
1RZ�\RX�FDQ�ÀQG�RXW�ZLWK�WKLV�SURMHFW��<RX�DQG�\RXU�
RSSRQHQW� IDFH� HDFK� RWKHU� OLNH�:HVWHUQ� JXQÀJKWHUV�
DQG�´JR�IRU�LWµ�³�IRUWXQDWHO\��\RX·OO�EH�UHDFKLQJ�IRU�D�
SDLU�RI�ORQJ�ZLUHV�LQVWHDG�RI�D�VL[�VKRRWHU�

%H� VXUH� WR� XVH� GLIIHUHQW� FRORUHG� ORQJ� ZLUHV� ZKHQ�
EXLOGLQJ�WKLV�SURMHFW��RU�\RX�FRXOG�ZLQG�XS�ZLWK�\RXU�
JXQ�LQ�\RXU�RSSRQHQW·V�KROVWHU���

7R�SOD\� WKLV�JDPH�³�ÀUVW�\RX�KDYH� WR�EXLOG� LW� WKHQ�
\RX�WDNH�WKH�ORQJ�ZLUHV�IURP�WHUPLQDOV�����DQG�����
while your opponent takes the ones from

127 and 27. Set the control knob to ON and press the 
NH\�RQFH��+DYH�VRPHRQH�HOVH�JLYH�WKH�VLJQDO�WR�GUDZ��
When this happens, try to touch the exposed ends of 
\RXU�ORQJ�ZLUHV�WRJHWKHU�EHIRUH�\RXU�RSSRQHQW�GRHV��
,I�\RX�WRXFKHG�\RXU�ZLUHV�ÀUVW��/('���ZLOO�OLJKW�XS��,I�
\RXU�RSSRQHQW�WRXFKHG�ÀUVW��/('���ZLOO�OLJKW��,I�LW·V�D�
GUDZ��ERWK�/('V�ZLOO�OLJKW�

<RX�FDQ�SOD\�DJDLQ�MXVW�E\�SUHVVLQJ�WKH�NH\��7KLV�ZLOO�
turn off the LEDs and reset the circuit. Don’t

KROG� WKH� HQGV� RI� WKH� ORQJ�ZLUHV� WRJHWKHU� DIWHU� WKH\�
touch if you do, both LEDs may come on even if the 
JDPH�ZDVQ·W�D�GUDZ�

7KLV�SURMHFW�XVHV�D�W\SH�RI�LQWHJUDWHG�FLUFXLW�NQRZQ�
DV� D� ´ÁLS�ÁRS�µ� &DQ� \RX� WKLQN� RI� KRZ� D� SDUW� WKDW�
´ÁLSVµ�DQG�´ÁRSVµ�FDQ�EH�XVHG�LQ�D�SURMHFW�OLNH�WKLV"�
'R�\RX�WKLQN�WRXFKLQJ�WKH�WZR�ZLUHV�WRJHWKHU�PDNHV�
VRPHWKLQJ�´ÁLSµ�RU�´ÁRS"µ

:H·OO� ÀQG� RXW� PRUH� DERXW� ´ÁLS�ÁRSµ� FLUFXLW� SDUWV�
later. But until then “reach for it!”

Wiring Sequence

6-4-58-123-122-119-167, 8-155, 10-153, 28-168-129-134, 60-140, 125-130-154, 126-121-152, 
3-132-LONG WIRE (blue), 5-127-LONG WIRE (yellow), LONG WIRE (yellow)-27-7-9-141-
128-131-133-LONG WIRE (blue).

NOTES
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11. QUICK DRAW II

+HUH·V�D�GHOX[H�YHUVLRQ�RI�RXU�4XLFN�'UDZ�JDPH��7KLV�
RQH�ZLOO�DXWRPDWLFDOO\�VLJQDO�IRU�WKH�WZR�RSSRQHQWV�WR�
´ÀUHµ�����DQG�LW�ZLOO�GLVTXDOLI\�HLWKHU�SOD\HU�LI�WKH\�WU\�
WR�´VKRRWµ�EHIRUH�WKH�VLJQDO�

7R�SOD\�WKLV�YHUVLRQ��WDNH�RQH�VHW�RI�ORQJ�ZLUHV�ZKLOH�
your opponent takes the other pair. Turn the control 
knob clockwise to turn power ON. Press the key once. 
You’ll notice LEDs 3 and 5 are lit. LED 3 represents 
WKH�SOD\HU�ZLWK�WKH�ORQJ�ZLUHV�DWWDFKHG�WR�WHUPLQDOV���
DQG����ZKLOH�/('���LV�IRU�WKH�SOD\HU�XVLQJ�WKH�ORQJ�
wires connected to terminals 132 and 105.

$V� \RX� DQG� \RXU� RSSRQHQW� KROG� \RXU� ORQJ� ZLUHV��
FDUHIXOO\� ZDWFK� /('� ��� :KHQ� LW� OLJKWV�� WRXFK� WKH�
exposed ends of your wires as quickly as you can. If 
WKH�SOD\HU�ZLWK�/('���WRXFKHV�ÀUVW��/('���JRHV�RXW�
DQG�/('���OLJKWV�XS��,I�WKH�SOD\HU�ZLWK�/('���WRXFKHV�
ÀUVW��/('���JRHV�RXW�DQG�/('���OLJKWV�

This project doesn’t let you cheat either. If a player 
WRXFKHV�KLV�ZLUHV�EHIRUH�/('���OLJKWV��´)µ��IRU�)RXO��
ZLOO� DSSHDU� RQ� WKH� GLJLWDO� GLVSOD\��/('��� RU� ��ZLOO�
OLJKW�WR�LQGLFDWH�ZKLFK�SOD\HU�ZHQW�WRR�HDUO\�

If this happens, press the key. You can then play the 
JDPH�QRUPDOO\��<RX·OO�DOVR�QHHG�WR�SUHVV�WKH�NH\�DIWHU�
SOD\LQJ�WKH�JDPH�WR�UHVHW�WKH�FLUFXLW�VR�\RX�FDQ�SOD\�
DJDLQ�

7KLV�SURMHFW�GHPRQVWUDWHV�RQH�RI�WKH�PRVW�IDVFLQDWLQJ�
WKLQJV� DERXW� GLJLWDO� HOHFWURQLFV� ³� WKH� ZD\� GLJLWDO�
circuits can “think.” This circuit decides which pair 
RI�ZLUHV� WRXFKHG�ÀUVW�DQG� LI� WKH\� WRXFKHG�EHIRUH�RU�
DIWHU�WKH�VLJQDO�ZDV�JLYHQ��3XW�RQ�\RXU�WKLQNLQJ�FDS���
FDQ�\RX�ÀJXUH�RXW�KRZ�WKH�FLUFXLW�ZDV�DEOH�WR�GR�WKLV"�
�/DWHU�\RX·OO�ÀQG�RXW�KRZ�LW·V�GRQH��

Wiring Sequence

6-4-58-118-126-122-119-84-81-167, 8-161-163, 10-155-157, 11-158, 12-27-83-106, 
18-43-115-133-129-168, 20-44-80-101, 28-79, 32-82-102, 60-140, 107-114, 108-109, 110-117-
148-145-146-147, 111-116, 112-123-121-154, 113-124-130-162, 120-156, 125-160, 3-132-LONG 
WIRE (blue), 127-5-LONG WIRE (yellow), LONG WIRE (yellow)-31-17-19-7-9-141-144-159-
128-131-134-105-LONG WIRE (blue).

12. ELECTRONIC SAFE CRACKING

Ever seen a safe cracker at work on a television 
GHWHFWLYH� RU� SROLFH� SURJUDP"� :H� GRQ·W� ZDQW� \RX�
WDNLQJ�XS� D� OLIH� RI� FULPH�� VR� WU\�\RXU� VDIH� FUDFNLQJ�
skills on this project.

Real safe crackers carefully move the safe’s dial until 
WKH\�ÀQG�WKH�ULJKW�FRPELQDWLRQ�ZKLFK�ZLOO�XQORFN�WKH�
safe. In this project you twist the control knob until 
\RX�ÀQG�WKH�SRVLWLRQ�WKDW�PDNHV�WKH�VRXQG�SURGXFHG�
E\�WKH�FLUFXLW�JR�DZD\��5HDO�VDIH�FUDFNHUV�DOVR�RIWHQ�
use a stethoscope (like doctors use) to help them hear 
the movements of the safe’s dial. In this project you’ll 
XVH�WKH�HDUSKRQH�WR�KHDU�ZKHQ�\RX·YH�ÀQDOO\�´EURNHQ�
the safe!”

Connect the earphone to terminals 1 and 2 on the front 
panel of your kit. Turn the control knob clockwise 
until you hear a “click” to switch power ON, and 
SUHVV�GRZQ�RQ�WKH�NH\��<RX·OO�KHDU�D�VRXQG�WKURXJK�
the earphone. Now carefully readjust the control 
NQRE��3UHVV�WKH�NH\�DJDLQ��DQG�\RX·OO�QRWLFH�WKH�VRXQG�
LV�HLWKHU�ORXGHU�RU�TXLHWHU��$JDLQ�UH�DGMXVW�WKH�FRQWURO�
NQRE�DQG�SUHVV�WKH�NH\�DJDLQ��.HHS�GRLQJ�WKLV�XQWLO�
\RX� ÀQG� WKH� FRQWURO� NQRE� VHWWLQJ� ZKHUH� WKH� VRXQG�
GLVDSSHDUV�DOWRJHWKHU�RU�LV�IDLQWHVW��

:KHQ�\RX�ÀQG�WKLV�SRLQW��FRQJUDWXODWLRQV�³�\RX·YH�
broken the safe!

7KLV�JDPH�FDQ�JHW�WRR�HDV\�ZKHQ�\RX�XVH�\RXU�H\HV�
all the time. Try it blindfolded, and let a friend just 
EULHÁ\�SUHVV�WKH�NH\�IRU�\RX�HDFK�WLPH�

This is another audio oscillator circuit, like our Ear 
splitter (Project 5). Compare the two projects. What 
do you think causes two audio oscillators to make 
GLIIHUHQW�VRXQGV"�0DNH�D�QRWH�RI�\RXU�JXHVV�³�ODWHU�
ZH·OO�VHH�KRZ�ZH�FDQ�FKDQJH�WKH�VRXQG�RI�DQ�DXGLR�
oscillator ...

Wiring Sequence

9-138-141, 10-41-44-175, 31-71-79-94, 32-46-167, 42-43-89-91, 45-93-95, 47-80-96, 48-90-137, 
49-92-139, 55-81-72, 57-58, 60-168, 140-176, Tl-EARPHONE-T2.

NOTES
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13. UFO INVASION

Do you believe in UFOs? Even if you don’t, you’ll 
HQMR\�WKLV�JDPH�DV�\RX�WU\�WR�GHIHQG�(DUWK�DJDLQVW�D�
UFO invasion!

This is a complicated project, so take your time in 
PDNLQJ�WKH�ZLULQJ�FRQQHFWLRQV��7XUQ�WKH�FRQWURO�NQRE�
FORFNZLVH� WR� VZLWFK� SRZHU� 21�� 7KH� /('� GLJLWDO�
display will show the letters “U”, “F” and “O” in a 
UHSHDWLQJ� VHTXHQFH��$W� WKH� VDPH� WLPH� \RX·OO� KHDU� D�
VRXQG� IURP� WKH� VSHDNHU� LQGLFDWLQJ� WKDW� WKH�8)2� LV�
Á\LQJ�RYHUKHDG��,W·V�XS�WR�\RX�WR�VDYH�(DUWK�IURP�WKH�
invasion!

To stop the UFO, you’ll need to use your laser 
FDQQRQ�� :H·YH� FOHYHUO\� GLVJXLVHG� WKLV� DV� WKH� NH\��
/RRN� FDUHIXOO\� DW� /('� ��� :KHQ� WKLV� OLJKWV� XS�� LW�
PHDQV�WKDW�WKH�8)2�LV�QRZ�ZLWKLQ�WKH�UDQJH�RI�\RXU�
ODVHU�FDQQRQ��3UHVV�WKH�NH\�WR�ÀUH��,I�\RX�KLW�WKH�8)2��
WKH�GLJLWDO�GLVSOD\�ZLOO�VWRS�RQ�RQH�OHWWHU�DQG�\RX·OO�
hear a steady sound from the speaker. If this happens, 
FRQJUDWXODWLRQV��<RX�VDYHG�(DUWK�IURP�WKH�8)2�

�2I�FRXUVH��\RX�PLJKW�PLVV�WKH�8)2��,I�WKLV�KDSSHQV�

ZDLW� IRU� /('� �� WR� OLJKW� DJDLQ� DQG� ÀUH� \RXU� ODVHU�
cannon once more.)

7KH�8)2� GLVSOD\� DQG� VRXQG�ZLOO� VWDUW� DJDLQ� D� IHZ�
moments after you make a hit. If you want to speed 
up or slow down the UFO, adjust the control knob for 
the desired speed.

$V�\RX�SOD\�WKLV�JDPH��\RX·OO�QRWLFH�WKDW�KLWWLQJ�WKH�
8)2�LVQ·W�D�PDWWHU�RI� OXFN��<RX·OO�ÀQG� WKDW�ZKHQ�D�
certain letter appears on the Display is the best time to 
press the key. Why do you think this is so?

Wiring Sequence

1-13-100-98-81-84-102-104-122-118-55, 2-113-167, 10-153, 23-137, 24-28-44-101, 26-103-
168, 32-73, 36-82-94, 42-31-30-99, 50-93-95, 51-35-74, 52-83-96, 53-173, 54-174, 57-140, 
71-43-114, 76-18-14-41-80-127, 77-79, 97-78-72-138, 106-115-121-149-150-151, 107-125-148, 
110-109-108-152, 111-112-146-147, 116-124, 117-145, 120-132, 
126-134-133-123-131-130-129-128-119-105-25-27-29-17-9-75-144-141.

14. TUG OF WAR

<RX�ZRQ·W�QHHG�D�VHW�RI�EXOJLQJ�PXVFOHV�IRU�WKLV�WXJ�
of war. This project makes use of your body’s ability 
to conduct electricity that we found out about in 
projects 7 and 8.

:KHQ�\RX�ÀQLVK�ZLULQJ� WKLV�SURMHFW�� VHW� WKH�FRQWURO�
knob to ON. Adjust the control knob so that the 
pointer of the meter is at the center of the scale. Take 
WKH�\HOORZ�ORQJ�ZLUHV��FRQQHFWHG�WR�WHUPLQDOV����DQG�
����ZKLOH� \RXU� RSSRQHQW� WDNHV� WKH� EOXH� ORQJ�ZLUHV�
DWWDFKHG�WR�WHUPLQDOV����DQG������*ULS�WKH�ORQJ�ZLUHV�
E\�WKHLU�H[SRVHG�HQGV�DV�WLJKWO\�DV�\RX�FDQ��/RRN�DW�
WKH�0HWHU���ZKDW·V�KDSSHQLQJ"

7KH�0HWHU�SRLQWHU�ZLOO�VZLQJ�EDFN�DQG�IRUWK�DV�\RX�
DQG�\RXU�RSSRQHQW�JULS�WKH�ORQJ�ZLUHV��7KLV�DPRXQW�
RI� VZLQJ� �DQG� LQ� ZKLFK� GLUHFWLRQ�� GHSHQGV� XSRQ�
ZKLFK� SHUVRQ·V� ERG\� LV� OHWWLQJ� WKH� PRVW� HOHFWULFLW\�
ÁRZ�IURP�RQH�ORQJ�ZLUH�WR�WKH�RWKHU��7KH�KDUGHU�\RX�
JULS��WKH�PRUH�HOHFWULFLW\�\RXU�ERG\�ZLOO�FRQGXFW��$QG�
DQ\�SHUVSLUDWLRQ�WKDW�GHYHORSV�RQ�\RXU�ÀQJHUWLSV�ZLOO�
help your body conduct even more electricity.

You can also use this Project to determine if one 
object conducts electricity better than the other. If you 
do, be sure to keep notes of your results.

Wiring Sequence

3-5-142, 4-84, 6-78, 14-16-143, 28-137,35-79-138-LONG WIRE (Blue),
55-31-77-74-15-LONG WIRE (Blue), 57-58, 60-140, 73-36-32-LONG WIRE (Yellow), 75-76, 
81-82, 141-13-27-80-83-LONG WIRE (Yellow).

NOTES
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15. SHOT IN THE DARK

7KLQN�\RX�KDYH�JRRG�QLJKW�YLVLRQ"�7KLV�SURMHFW�ZLOO�
OHW�\RX�ÀQG�RXW�IRU�VXUH��,W�WHVWV�\RXU�DLP�LQ�D�WRWDOO\�
dark room!

<RXU�´JXQµ�IRU�WKLV�JDPH�LV�DQ\�RUGLQDU\�ÁDVKOLJKW��
Just place your kit with this project wired up in a 
FRPSOHWHO\�GDUN�URRP��8VH�\RXU�ÁDVKOLJKW�WR�´VKRRWµ�
WKH� NLW� ZLWK� D� EHDP� RI� OLJKW�� ,I� \RX� DLP� FRUUHFWO\��
\RX·OO�OLJKW�WKH�ODPS�

7KLV�3URMHFW�XVHV�WKH�&G6�FHOO�ZH�ÀUVW�WULHG�ZLWK�RXU�
Electronic Candle (Project 3). You’ll remember from 
WKDW�SURMHFW�WKDW�WKH�&G6�FHOO�LV�VHQVLWLYH�WR�OLJKW�DQG�
can control electronic circuits. In the electronic candle 
project we used the CdS cell to turnoff the lamp. Here 
we’ll do just the opposite.

$IWHU� \RX� ÀQLVK� WKH� ZLULQJ� FRQQHFWLRQV�� SXW� WKLV�
project in as dark a room as possible. Turn the control 
NQRE�FORFNZLVH�WR�VZLWFK�SRZHU�21��8VH�D�ÁDVKOLJKW�
DQG�VKLQH�D�EHDP�RI�OLJKW�RQ�WKH�&G6�FHOO��&DUHIXOO\�
DGMXVW�WKH�FRQWURO�NQRE�XQWLO�WKH�ODPS�OLJKWV��<RX·UH�
now ready to test your skill!

)LUVW�WU\�KLWWLQJ�WKH�&G6�FHOO�IURP�DERXW�D�PHWHU

RU� VR�� $V� \RXU� DLP� LPSURYHV� WU\� LQFUHDVLQJ� WKH�
GLVWDQFH�� )RU� WKH�PRVW� IXQ�� WU\� KLWWLQJ� WKH�&G6� FHOO�
MXVW�E\�TXLFNO\�VZLWFKLQJ�\RXU�ÁDVKOLJKW�RQ�DQG�RII�
LQVWHDG�RI�XVLQJ�D�VWHDG\�EHDP�RI�OLJKW�

Don’t be surprised if you have to very carefully adjust 
WKH�FRQWURO�NQRE�WR�JHW�WKH�ODPS�WR�FRPH�RQ�ZKHQ�OLJKW�
strikes the CdS cell. For the best adjustment, be sure 
you have the kit in a completely dark room and use a 
VKDUSO\�IRFXVHG�ÁDVKOLJKW��QRW�D�ÁXRUHVFHQW�ODPS�RU�
RWKHU�OLJKW���2QFH�\RX·YH�IRXQG�WKH�EHVW�VHWWLQJ��GRQ·W�
FKDQJH�LW�

*RRG� OXFN��0D\� \RX� EHFRPH� ´WKH� IDVWHVW� ÁDVKOLJKW�
in the West!”

Wiring Sequence

13-25-74, 23-73-101, 26-28-76, 37-138, 27-80, 38-79, 55-61-44-24-14-81-137, 57-58, 59-65, 
60-140, 64-170, 77-43-62-102, 141-75-78-169-171, 139-172.

16. BURGLAR ALARM

+HUH·V� D� EXUJODU� DODUP� SURMHFW� WKDW·V� UHDOO\� VQHDN\��
You can locate it away from the object you want to 
protect — and no one can know about the alarm until 
after they’ve set it off.

7KLV� SURMHFW� XVHV� WKH� ORQJ� JUHHQ� OHQJWK� RI� ZLUH�
included with your kit. Normally, this wire is used for 
an antenna in radio projects. But in this Project it’s 
used to trip the alarm.

%HIRUH� XVLQJ� WKLV� 3URMHFW�� PDNH� VXUH� WKDW� WKH� ORQJ�
JUHHQ�ZLUH� LV� FRQQHFWHG� EHWZHHQ� WHUPLQDOV� �� DQG� ��
on the front panel of your kit. Set the control knob to 
21��1RZ�SXOO�WKH�JUHHQ�ZLUH�RXW�RI�HLWKHU�WHUPLQDO���
or 2. What happens?

<RX� SUREDEO\� JRW� \RXU� HDUV� EODVWHG��:KHQHYHU� WKH�
JUHHQ� ZLUH� LV� GLVFRQQHFWHG�� WKH� DODUP� ZLOO� VRXQG��
7KLV�PHDQV�\RX�FRXOG�WDSH�WKH�JUHHQ�ZLUH�WR�D�GRRU��
window or drawer so that the alarm would sound if 
RQH�RI�WKRVH�REMHFWV�ZHUH�PRYHG��FDXVLQJ�WKH�JUHHQ�
wire to be pulled out of one of the two terminals. 
�1RZ�\RX�FDQ�ÀQG�RXW�ZKR·V�EHHQ�PHVVLQJ�DURXQG�
your closet or drawers!)

<RX·UH� SUREDEO\� ZRQGHULQJ� KRZ� GLVFRQQHFWLQJ� D�
wire can cause a circuit to operate. Here’s a hint: if 
\RX�JLYH� HOHFWULFLW\� WZR�RU�PRUH� SDWKV� WR� IROORZ�� LW�
will always take the way that’s easiest. It will take a 
harder path only if you remove the easier one.

With that clue, do you think you can explain how 
this project works? Make a note of your explanation 
- later on you’ll understand exactly how it works. In 
WKH� PHDQWLPH�� KDYH� IXQ� FDWFKLQJ� SHRSOH� LQ� WKH� DFW�
ZLWK�WKLV�EXUJODU�DODUP�

Wiring Sequence

33-82-94-175, 50-93-95, 51-34-141, 52-83-96, 53-173, 54-174, 55-84-176, 57-140,
T1-GREEN WIRE-T2.

NOTES
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17. SOS ALERT

:H·YH� DOUHDG\� XVHG� WKH� WZR� ,QWHJUDWHG� &LUFXLWV� LQ�
your kit and the display to create some unusual 
circuits (such as UFO Invasion, Project 13). This 
3URMHFW�DOVR�XVHV� WKH� WZR�LQWHJUDWHG�FLUFXLWV�DQG� WKH�
display to create an automatic SOS alert system.

When you turn the control knob clockwise to switch 
power ON, you’ll hear sound from the speaker and 
see the letters “SOS” on the display. You’ll also see 
/('V���DQG��� OLJKW�DQG�JR�RII�DV� LI� WKH\·UH�´WDNLQJ�
WXUQVµ�EHLQJ�OLW�

1RWLFH� KRZ� WKH� GLJLWDO� GLVSOD\� FKDQJHV�� LW� DOPRVW�
VHHPV� OLNH� WKH� FLUFXLW� LV� FRXQWLQJ� ´��� ��� ��� ��� �� �� ���
2, 3, 4. . .” over and over. It turns out that’s pretty 
FORVH�WR�ZKDW�LV�DFWXDOO\�JRLQJ�RQ���$QG�LW�SUREDEO\�
won’t surprise you to know such a circuit is called a 
counter.)

1RZ� SXW� RQ� \RXU� WKLQNLQJ� FDS���� GR� WKH� WZR� /('V�
EOLQNLQJ� RQ� DQG� RII� UHPLQG� \RX� RI� DQ\WKLQJ"� �1R��
GRQ·W�VD\�WKH\�UHPLQG�\RX�RI�EOLQNLQJ�/('V���%DFN�LQ�
SURMHFW����7KH�1RLV\�/LJKW��ZH�XVHG�D�PXOWLYLEUDWRU�
circuit.

This project uses both a multivibrator and a counter 
circuit.

7KDW� SRLQWV� RXW� VRPHWKLQJ� YHU\� LPSRUWDQW� LQ�
electronics — even the most complex devices are 
QRWKLQJ� EXW� FROOHFWLRQV� RI� VLPSOHU� FLUFXLWV�� 6LPSOH�
FLUFXLWV� DUH� WKH� ´EXLOGLQJ� EORFNVµ� ZKLFK� PDNH� XS�
HYHQ�FRPSOH[�FRPSXWHUV��6RRQ�\RX·OO�EH�XVLQJ�VXFK�
´EXLOGLQJ�EORFNVµ�WR�GHVLJQ�\RXU�RZQ�FLUFXLWV���$QG�
LW�ZRQ·W�EH�WRR�ORQJ��

Wiring Sequence

7-162, 8-103-83-106-107, 9-160. 10-80-101-127, 23-25-141-144-78-161-163-119-128-129-
130-123-131-133-134-126-105, 24-82-102, 26-79-104, 33-76-91, 34-108, 50-77-93, 52-94-92, 
53-173, 54-174, 57-140. 81-84-51-55-118-122, 109-112-120-132-145, 110-125, 111-149-147, 
113-124, 114-115-116, 117-148-150-151-146.

18. TARGET RANGE

,I�\RX�WKLQN�D�PRYLQJ�WDUJHW�LV�KDUG�WR�KLW��MXVW�ZDLW�
XQWLO� \RX� WU\� WR� KLW� D� SDLU� RI� EOLQNLQJ� /('V�� 7KLV�
project will test your ability to anticipate what an 
electronic circuit will do.

To play, set the select switch to A and then set the 
FRQWURO�NQRE�WR�21��/('V���DQG���ZLOO�OLJKW�DQG�VWDUW�
to blink off and on very rapidly (it will look almost 
OLNH�RQH�OLJKW�PRYLQJ�IURP�VLGH�WR�VLGH���<RXU�´ULÁHµ�
ZLOO� EH� WKH� NH\��:KHQ� \RX� WKLQN� WKH� WLPH� LV� ULJKW��
SUHVV�WKH�NH\��,I�\RX�´ÀUHGµ�DW�WKH�ULJKW�PRPHQW��/('�
��ZLOO�JR�RXW��6HW�WKH�VHOHFW�VZLWFK�WR�%�DQG�SUHVV�WKH�
NH\�DJDLQ��,I�\RXU�´DLPµ�LV�JRRG��\RX·OO�´VKRRW�RXWµ�
LED 2.

,I�\RX·UH�D�UHDOO\�JRRG�´VKRWµ��\RX�PLJKW�JHW�/('���
and 2 out with just one press of the Key. On the other 
KDQG��LW�PLJKW�WDNH�VHYHUDO�SUHVVHV�RI�WKH�NH\�MXVW�WR�
JHW�RQH�RI�WKH�/('V�WR�JR�RXW��%H�VXUH�WR�VHW�WKH�VHOHFW�
VZLWFK� WR�%�EHIRUH� WU\LQJ� WR�´VKRRWµ�/('���� ,I�\RX�
don’t, you’ll discover that... (hold on, we shouldn’t 
WHOO�\RX�HYHU\WKLQJ��7U\�LW�IRU�\RXUVHOI�DQG�VHH�ZKDW�
happens.)

7KLV�LV�DQRWKHU�SURMHFW�XVLQJ�GLJLWDO�HOHFWURQLFV�DQG

WKH� ´ÁLS�ÁRSµ� LQWHJUDWHG� FLUFXLW�� 'R� \RX� WKLQN�
VRPHWKLQJ�´ÁLSVµ�RU�´ÁRSVµ�ZKHQ�\RX�SUHVV�WKH�NH\�
WR�PDNH�WKH�/('V�JR�RXW"

Try to think that one out. In the meantime, see how 
\RXU�VNLOO�LPSURYHV�ZLWK�WKLV�JDPH��&DQ�\RX�PDQDJH�
WR�JHW�ERWK�/('V�ZLWK�D�VLQJOH�VKRW"

Wiring Sequence

7-152, 8-114, 10-96-101-168, 11-154, 12-117, 18-80-99-119-116-126, 20-97-83-112-123-130, 
22-93-129-134, 24-106-107-164. 26-166-109-110, 28-82-100, 31-21-23-25-27-17-19-9-141-
153-155-128-131-133-105, 32-79-98, 55-118-122-167-102-84-81-94, 57-140, 95-165, 108-127, 
111-132, 113-121, 115-125.

NOTES
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19. “CATCH” THE EIGHT

+HUH·V�DQRWKHU�LQWHJUDWHG�FLUFXLW�DULG�GLVSOD\�JDPH�WR�
WHVW�\RXU�ZLWV��,Q�WKLV�SURMHFW��\RX�ZRQ·W�EH�́ VKRRWLQJµ�
DW�/('V����LQVWHDG��\RX·OO�EH�WU\LQJ�WR�FDWFK�DQ�HLJKW�

2QFH� \RX� ÀQLVK� ZLULQJ� WKLV� SURMHFW�� VHW� WKH� VHOHFW�
switch to A. Then turn the control knob clockwise to 
ON. On the display you’ll see the upper and lower 
SDUWV� RI� ´�µ� DUH� ÁDVKLQJ� DOWHUQDWHO\��1RZ� FDUHIXOO\�
QRWH� WKH� SDWWHUQ� RI� ÁDVKLQJ�� <RX·OO� QRWH� WKHUH·V� D�
PRPHQW�ZKHQ�WKH�GLVSOD\�VKRZV�QRWKLQJ�³�ZKHQ�\RX�
think you can anticipate the moment of no display, 
slide the select switch to B. If you do it at exactly the 
ULJKW�PRPHQW�� D� FRPSOHWH���ZLOO� EH� ´FDSWXUHGµ� DQG�
ÁDVK� RYHU� DQG� RYHU� RQ� WKH� GLVSOD\�� ,I� \RX� GRQ·W�³�
ZHOO��VHW�WKH�VHOHFW�VZLWFK�WR�$�DQG�WU\�DJDLQ�

This project is also made up of two simple circuits. 
From what we’ve discovered so far, which two 
circuits are most likely found in this project? (Don’t 
IRUJHW�WR�NHHS�D�UHFRUG�RI�\RXU�JXHVV�����

Wiring Sequence

15-17-114-106-107-115-116, 16-101-112, 18-102-108, 20-42-44-113, 21-19-75-141-165-
128-129-131-133-134-123-119-105, 22-24-76-80-127-132, 23-55-118-122-81-96-145, 25-73, 
26-117, 35-78-95, 36-38, 37-39, 40-164, 41-121, 43-130-125, 57-140, 74-144, 77-79, 120-126-
150-151-147, 124-148-149-146.

20. MARCHING LEDS

0DNH�ZD\� IRU� WKH� SDUDGH� RI�PDUFKLQJ� /('V��7KLV�
SURMHFW�ZLOO�OHW�\RX�VHQG�/('V�´PRYLQJµ�DFURVV�WKH�
front panel of your kit as you press the key.

:KHQ�\RX�ÀQLVK�WKH�ZLULQJ��VHW�WKH�VHOHFW�VZLWFK�WR�$��
Turn the control knob clockwise to switch power ON. 
/('���ZLOO�OLJKW�DQG�VWDUW�ÁLFNHULQJ��\RX�PLJKW�DOVR�
KDYH�RWKHU�/('V�OLJKW��WKLV�LV�QRUPDO���.HHS�SUHVVLQJ�
WKH� NH\�� )LUVW� /('� ��ZLOO� OLJKW�� IROORZHG� E\� /('V�
��DQG����$V�\RX�NHHS�SUHVVLQJ� WKH�NH\��\RX·OO�KDYH�
/('V������DQG���OLJKWLQJ�LQ�WXUQ��,W�ORRNV�MXVW�OLNH�D�
SDUDGH�RI�/('V�PDUFKLQJ�GRZQ�WKH�VWUHHW�

:KLOH�SUHVVLQJ�WKH�NH\��WU\�TXLFNO\�VHWWLQJ�WKH�6HOHFW�
Switch to B. What happens?

7KH� /('V� FRPH� WR� D� VFUHHFKLQJ� KDOW�� 7KH� /('V�
are either lit or off just like they were the instant 
\RX� VHW� WKH� VHOHFW� VZLWFK� WR�%��1RZ� WU\� VHWWLQJ� WKH�
VHOHFW� VZLWFK�DJDLQ� WR�$��7KH�/('V�ZLOO�DJDLQ�VWDUW�
´PDUFKLQJ�µ

:KLOH�\RX�KDYH�WKH�VHOHFW�VZLWFK�DW�$��VWRS�SUHVVLQJ�
the key and watch what happens to the LEDs.

&DQ�\RX�JXHVV�ZK\�WKLV�WDNHV�SODFH"

7KLV� SURMHFW� DOVR� XVHV� WKH� ´ÁLS�ÁRSµ� LQWHJUDWHG�
circuit. You can easily see why this device is so useful 
in electronics!

Wiring Sequence

5-156, 6-44-42, 7-154, 8-18-104-108, 9-160, 10-117, 11-158, 12-41-125, 
14-38-81-98-102-122-118-55, 15-13-76-80-127, 16-141-155-157-159-161-168-128-129-130-
131-133-134-126-123-119-105, 17-20-114-107-106, 19-103-112-113, 27-167, 28-37-101-164, 
33-165, 34-78-97, 43-111, 57-140, 77-79, 110-109-115-120-132, 116-124.

NOTES
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NOTES



21. TURN SIGNAL FLASHER

,Q�SURMHFW�����\RX�PDGH�/('V�´PRYHµ�E\�SUHVVLQJ�
WKH� NH\�� %XW� \RXU� ÀQJHU� SUREDEO\� JRW� WLUHG� DIWHU� D�
ZKLOH�� VR� KHUH·V� D� FLUFXLW� WKDW� GRHV� WKH� VDPH� WKLQJ�
automatically.

This circuit is actually used in many devices such 
DV� WUDIÀF� VLJQDOV�� :KHQ� \RX� ÀQLVK� WKH� ZLULQJ�
connections. set the Select Switch to A. Then set the 
FRQWURO�NQRE�WR�21��<RX·OO�VHH�WKH�/('V�OLJKWLQJ�LQ�
D�SDWWHUQ�IURP�OHIW�WR�ULJKW��1RZ�VHW�WKH�VHOHFW�VZLWFK�
WR�%��7KH�VDPH�SDWWHUQ�ZLOO�QRZ�JR�IURP�ULJKW�WR�OHIW�

This project uses two types of circuits we’ve 
PHQWLRQHG�HDUOLHU��7DNH�D�JRRG�ORRN�DW�WKLV�SURMHFW����
FDQ�\RX�JXHVV�ZKLFK�WZR�FLUFXLWV�ZH·UH�WDONLQJ�DERXW"�
7DNH�\RXU�EHVW�JXHVV��DQG�WKHQ�WXUQ�WKLV�PDQXDO�XSVLGH�
down for the answers.

Wiring Sequence

8-153-159, 10-155-161, 12-157-163, 18-80-99, 20-97-83-127, 24-82-100, 23-26, 27-25-11-17-
19-7-9-141-128-129-130-131-133-134-126-123-119-105, 28-79-98, 55-118-122-84-81, 57-140, 
107-106-114-162, 108-156, 109-110-117-152, 111-158, 112-120-164, 113-124-154, 115-121-
166, 116-125-160, 132-165.

���� /($3,1·�/('6�

+HUH·V�JDPH� WR� VHH�KRZ� IDVW�\RX�DUH�RQ� WKH� WULJJHU�
�RU�DW� OHDVW� WKH�NH\����7KH�REMHFW� LV� WR� OLJKW�/('V���
WKURXJK���DV�TXLFNO\�DV�\RX�DUH�DEOH�RU�ZLWK�DV�IHZ�
presses of the key as you can.

To play, turn the control knob clockwise until you 
KHDU�D�´FOLFNµ� WR� WXUQ�SRZHU�21��/('���ZLOO� OLJKW��
1RZ�SUHVV�WKH�NH\�XQWLO�/('���OLJKWV��%XW��LI�\RX·UH�
QRW�OXFN\��RQO\�/('���ZLOO� OLJKW��&RQWLQXH�WR�WU\�WR�
JHW�DOO�WKH�/('V�WR�OLJKW�XS��/('�������DQG����

7KH�VHFUHW�RI�WKLV�JDPH�LV�WR�SUHVV�WKH�NH\�DW�H[DFWO\�
WKH�ULJKW�PRPHQW�WR�OLJKW�WKH�/('��7LPLQJ·V�EHHQ�DQ�
LPSRUWDQW�SDUW�RI�DOO�WKH�GLJLWDO�FLUFXLWV�ZH·YH�SOD\HG�
ZLWK�VR�IDU��<RX·YH�DOVR�QRWLFHG�KRZ�GLJLWDO�FLUFXLWV�
VHHP�WR�GR�HLWKHU�RQH�RI�WZR�WKLQJV��IRU�H[DPSOH��D�
/('�OLJKWV�RU� LW�GRHVQ·W� OLJKW���+RZ�GR�\RX�WKLQN�D�
GLJLWDO�FLUFXLW�ZRUNV"�0DNH�D�QRWH�RI�\RXU�LGHDV���VHH�
KRZ�FORVH�\RX�FDQ�FRPH�WR�WKH�ULJKW�DQVZHU�

Wiring Sequence

3-154, 4-42-44, 7-117, 8-158, 9-152, 6-10-20-28-32-36-81-104-167-122-118-55, 11-156, 
12-41-125, 5-38-84-112, 19-74-102, 21-72, 22-24-93-106-107, 26-94-103-168, 27-76-101, 
31-77-100-82-83, 33-23-25-75-78-141-153-155-157-159-128-130-131-133-126-123-119-105, 
34-80-127, 35-73-99, 43-111, 57-140, 71-37-79, 108-113, 114-129-134, 110-109-115-120-132, 
116-124.

NOTES
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The circuits used are a multivibrator and a 
counter. Wait a second... we’ve seen how a 
multivibrator can turn things off and on. Think 
LW�FRXOG�DOVR�PDNH�D�´ÁLS�ÁRSµ�LQWHJUDWHG�
FLUFXLW�´ÁLSµ�RU�´ÁRSµ"�0DNH�D�QRWH�RI�\RXU�
answer.

NOTES



23. LIGHTS OUT

Here’s a circuit that is almost the opposite of project 
���³�LW·V�D�JDPH�WR�VHH�KRZ�PDQ\�/('V�\RX�FDQ�WXUQ�
RII�E\�SUHVVLQJ�WKH�NH\�

When you turn the control knob to ON, you’ll see 
/('V������DQG���DOO�OLJKW��3UHVV�WKH�NH\�D�IHZ�WLPHV����
\RX·OO�KHDU�D�VRXQG�IURP�WKH�VSHDNHU��.HHS�SUHVVLQJ�
WKH�NH\��)LUVW�/('���ZLOO�JR�RII��IROORZHG�E\�/('����
:H·OO�ZDUQ�\RX���/('���LV�YHU\�GLIÀFXOW�WR�WXUQ�RXW��
<RX�FDQ�FKDOOHQJH�\RXU�IULHQGV�WR�VHH�ZKR�FDQ�WXUQ�
out all LEDs in as short a time as possible.

,I� \RX�ÀQG� LW� GLIÀFXOW� WR� H[WLQJXLVK� HYHQ�RQH�/('��
WU\LQJ�PRYLQJ�WKH�FRQWURO�NQRE�VOLJKWO\�FORFNZLVH�

You’ll notice that this project uses the Quad 2-Input 
1$1'�,QWHJUDWHG�&LUFXLW��1$1'�,QWHJUDWHG�&LUFXLWV�
KDYH� VRPHWKLQJ� FDOOHG� ´JDWHVµ� LQ� WKHP�� :KDW� GR�
\RX�VXSSRVH� WKHVH�´JDWHVµ� OHW� LQ"� �+LQW�� LW·V�QRW� WKH�
SRVWPDQ��� 0DNH� D� QRWH� RI� \RXU� WKRXJKWV�� EHFDXVH�
ODWHU�ZH·OO�ÀQG�DOO� DERXW� WKHVH�´JDWHVµ�DQG�1$1'V�
�SOXV� VRPH� RWKHU� WKLQJV� OLNH�$1'V��25V��125V� ����
but no MAYBEs!).

Wiring Sequence

7-152, 8-114, 9-154, 10-108, 11-156, 12-117, 31-76-77-101-137, 32-79-94 35-138, 36-82, 
37-141-153-155-157-167-105-51, 42-106-107, 43-72, 44-115-116, 45-168, 48-78, 47-49-55-118-
102-84-81-139, 50-93-95, 52-80-96, 53-173, 54-174, 57-140, 71-38-41-83-112-113.

7KHUH·V�$�%,*�&KDQJH�&RPLQJ���
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NOTES

In the rest of this manual. Up to now, you’ve had a drawing of your kit’s parts board to guide you 
in making wiring connections. But the rest of the projects in this manual will have a schematic 
diagram instead.

A schematic diagram is a “road map” for electronic circuits. It shows how different parts are 
connected together and lets you follow the flow of electricity through the circuit. Highly skilled 
electronics technicians and engineers are able to build entire circuits with nothing more than 
just a schematic diagram to guide them!

We won’t ask you to build circuits just from schematic diagrams alone (did we just hear a big 
sigh of relief?). To aid you, on the schematics we’ve added the number of the terminal where 
each wiring connection is made. A line between 32 and 64 on the schematic means to connect 
a wire between those two terminals on your kit’s parts board. Each part in your kit has its own 
schematic symbol. You’ll find a picture of each part, along with its schematic symbol and a brief 
description, at the beginning of this manual.

You’ll notice on the schematics that some lines cross each other and there’s a dot at the point 
where they cross. This means that the two wires represented by the lines are connected together 
at the point indicated by the dot (and you’ll usually find a terminal number beside the dot). If 
two lines cross without a dot, that’s your clue that the wires aren’t connected (you also won’t see 
a terminal number near where they cross).

$W�ÀUVW��VFKHPDWLF�GLDJUDPV�PD\�ORRN�KDUG�³�EXW�WKH\·UH�DFWXDOO\�TXLWH�VLPSOH�RQFH�\RX�JHW�
VRPH�SUDFWLFH�ZLWK� WKHP��'RQ·W�JHW�GLVFRXUDJHG� LI�\RX�JHW� FRQIXVHG�E\� WKHP�DW�ÀUVW� �WKDW·V�
QRUPDO���%HIRUH�ORQJ�\RX·OO�EH�DEOH�WR�EXLOG�D�FLUFXLW�MXVW�E\�ORRNLQJ�DW�LWV�VFKHPDWLF�GLDJUDP�
(trust us!).

7KH�DELOLW\�WR�UHDG�VFKHPDWLF�GLDJUDPV�LV�LPSRUWDQW�LQ�HOHFWURQLFV��0DQ\�LQWHUHVWLQJ�FLUFXLWV�LQ�
HOHFWURQLFV�PDJD]LQHV�DQG�ERRNV�DUH�JLYHQ�RQO\�LQ�VFKHPDWLF�IRUP��$�VFKHPDWLF�LV�DOVR�D�VKRUWHU�
DQG�PRUH�DFFXUDWH�ZD\�WR�JLYH�D�FLUFXLW�WKDQ�D�ZULWWHQ�GHVFULSWLRQ�

Lines Are Connected Lines NOT Connected

Means wires connect at this point Means wires do not connect at this point



















































































































































































200. TRANSISTOR CHECKER

7UDQVLVWRUV� PLJKW� ZHOO� EH� WKH� PRVW� FRPPRQ�
components you’ll have to test. You can’t tell if a 
WUDQVLVWRU�LV�ZRUNLQJ�RU�QRW�E\�ORRNLQJ�DW�LW�����EXW�WKLV�
project will let you hear if it is. You can also tell if a 
transistor if NPN or PNP with this circuit.

<RX·OO�QRWLFH�WKLV�SURMHFW�KDV�WKUHH�ORQJ�ZLUHV�³�RQH�
for the emitter, collector and base. The schematic 
shows this project set up to check PNP transistors.

7R�XVH��FRQQHFW�WKH�ORQJ�ZLUHV�WR�WKH�EDVH��FROOHFWRU�
and emitter of the transistor you want to test. Turn the 
control knob all the way to the left (counterclockwise) 
DV� IDU� DV� \RX� FDQ� ZLWKRXW� VZLWFKLQJ� WKH� SRZHU�
2))��3UHVV� WKH�NH\�DQG� WXUQ� WKH�FRQWURO� WR� WKH�ULJKW�
(clockwise). If you hear a sound from the speaker, 
WKH�WUDQVLVWRU�LV�D�ZRUNLQJ�313�WUDQVLVWRU��,I�\RX�KHDU�
QR� VRXQG�DW� DOO�� WU\� UHYHUVLQJ� WKH�FRQQHFWLRQV�PDGH�
WR�WHUPLQDOV����DQG����DQG�UHSHDW�WKH�WHVW��,I�\RX�JHW�
a sound this time from the speaker, the transistor is 
D�ZRUNLQJ�131�W\SH�� ,I�\RX�JHW�QR�VRXQG� IURP� WKH�
VSHDNHU�XVLQJ�HLWKHU�FRQQHFWLRQ� WR� WHUPLQDOV����DQG�
60, the transistor is defective.

<RX·OO�QRWLFH�WKDW�VRPH�WUDQVLVWRUV�\RX�PLJKW�WHVW�ZLOO�
produce a sound from the speaker at a lower control 
VHWWLQJ� WKDQ� RWKHU� WUDQVLVWRUV�� 7KHVH� WUDQVLVWRUV�
KDYH�KLJK�DPSOLÀFDWLRQ� �RU�KLJK�JDLQ�DV�HOHFWURQLFV�
HQJLQHHUV�OLNH�WR�FDOO�LW��

As you start to accumulate parts for other electronic 
FLUFXLWV�� \RX·OO� ÀQG� WKLV� D� KDQG\� FLUFXLW� IRU� WHVWLQJ�
unmarked transistors.

Wiring Sequence
1-139-167, 2-138, 39-96-LONG WIRE (BASE), 50-93-LONG WIRE (COLLECTOR), 51-58, 
5240-94-95, 53-173, 54-174, 60-168, 137-LONG WIRE (EMITTER).

EXPLORING ELECTRONICS ON YOUR OWN
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)LQLVKHG�DOO�����3URMHFWV"�,I�VR��FRQJUDWXODWLRQV���EXW�WKDW�GRHVQ·W�PHDQ�\RX�KDYH�WR�EH�ÀQLVKHG�
H[SORULQJ� HOHFWURQLFV�� ,Q� IDFW�� \RX·YH� RQO\� VFUDWFKHG� WKH� VXUIDFH� RI� ZKDW� \RX� FDQ� GR� ZLWK�
electronics.

7DQG\�KDV�HYHU\WKLQJ�\RX�QHHG� WR�FRQWLQXH�H[SHULPHQWLQJ�ZLWK�HOHFWURQLFV��2QH�YHU\�KDQG\�
LWHP�\RX�VKRXOG�JHW�LV�D�PRGXODU�EUHDGERDUG��VXFK�DV�7DQG\�&DWDORJXH�1XPEHU�����������$�
EUHDGERDUG�OHWV�\RX�EXLOG�FLUFXLWV�E\�SOXJJLQJ�FRPSRQHQWV�LQWR�KROHV�RQ�WKH�ERDUG��<RX�DGG�
ZLUHV�EHWZHHQ�WKH�SDUWV��PXFK�OLNH�\RX�GLG�ZLWK� WKLV�.LW��<RX�FDQ�EXLOG�DQG�FKDQJH�FLUFXLWV�
quickly and easily with a modular breadboard.

<RX·OO�DOVR�ÀQG�,&V��UHVLVWRUV��FDSDFLWRUV�� WUDQVLVWRUV��GLRGHV�DQG�RWKHU�FRPSRQHQWV�DW�7DQG\��
Tandy also has books about electronics, some of these describe circuits you can build and 
H[SHULPHQW�ZLWK��2WKHU�ERRNV�ZLOO�KHOS�\RX�LQFUHDVH�\RXU�NQRZOHGJH�RI�HOHFWURQLFV�

As you become more involved with electronics, you’ll probably want to start a collection of 
HOHFWURQLF�WHVW�HTXLSPHQW��2QH�RI�WKH�ÀUVW�LWHPV�RI�WHVW�HTXLSPHQW�\RX�VKRXOG�JHW�LV�D�PXOWLWHVWHU��
$� PXOWLWHVWHU� ZLOO� OHW� \RX� PHDVXUH� YROWDJH�� FXUUHQW� DQG� UHVLVWDQFH� LQ� HOHFWURQLF� FLUFXLWV��$�
multitester will probably be the most useful piece of test equipment you can own! Another 
KDQG\�LWHP��HVSHFLDOO\�LI�\RX�EXLOG�PDQ\�GLJLWDO�FLUFXLWV��LV�D�ORJLF�SUREH��$�ORJLF�SUREH�WHOOV�
ZKHWKHU�WKH�RXWSXW�RI�D�FLUFXLW�LV�ORZ��KLJK�RU�VZLWFKLQJ�EDFN�DQG�IRUWK�EHWZHHQ�ORZ�DQG�KLJK�

<RX�PLJKW�GHFLGH�WR�EXLOG�VRPH�FLUFXLWV�LQWR�SHUPDQHQW��ÀQLVKHG�IRUP��7KLV�PHDQV�\RX·OO�ZDQW�
WR�DGG�D�VROGHULQJ�LURQ�WR�\RXU�WRROV��6ROGHULQJ�LV�WKH�PHWKRG�XVHG�WR�PDNH�HOHFWULFDO�FRQQHFWLRQV�
LQ�UDGLRV��79V��HWF��<RX·OO�DOVR�ÀQG�VFUHZGULYHUV��SOLHUV��ZLUH�FXWWHUV��HWF���WR�EH�XVHIXO�LQ�\RXU�
ZRUN��7DQG\�DOVR�KDV�HQFORVXUHV�DQG�NQREV�WR�JLYH�\RXU�ÀQLVKHG�SURGXFWV�D�WUXO\�SURIHVVLRQDO�
look.

)LQDOO\��GRQ·W� IRUJHW�\RXU� ORFDO�SXEOLF� OLEUDU\�� LW�KDV�PDQ\�JRRG�ERRNV�DQG�PDJD]LQHV�DERXW�
HOHFWURQLFV��<RX·OO�ÀQG�WKHVH�ERRNV�DQG�PDJD]LQHV�WR�EH�IXOO�RI�LQWHUHVWLQJ�FLUFXLWV�WR�EXLOG�DQG�
SOD\�DURXQG�ZLWK��7KLV�ZLOO�DOVR�KHOS�\RX�NHHS�XS�WR�GDWH�ZLWK�ZKDW·V�KDSSHQLQJ�LQ�HOHFWURQLFV��
5HPHPEHU��WKHUH·V�DOZD\V�VRPHWKLQJ�QHZ�LQ�HOHFWURQLFV�

&RQWLQXH�NHHSLQJ�D�QRWHERRN��<RX·OO�ÀQG�LW�KHOSIXO�ZKHQHYHU�\RX�QHHG�WR�ÀQG�D�FHUWDLQ�FLUFXLW�
RU�XQGHUVWDQG�ZKDW�HIIHFW�D�FKDQJH�ZLOO�KDYH�RQ�D�FLUFXLW�� �0DQ\�HOHFWURQLFV�KREE\LVWV�KDYH�
several notebooks full of circuits they’ve created.)

GOOD LUCK . . . AND HAVE FUN WITH ELECTRONICS!

NOTES



Antenna Holder
Bar Antenna 350/µH with 5 leads
Battery Contact, Metal S (4)
Battery Contact, Metal W (4)
Battery Cover, Plastic
Capacitors

100pF, ceramic disc type
0.001µF, ceramic disc type
0.005µF, ceramic disc type
0.01µF, ceramic disc type
0.05µF, ceramic disc type
0.1µF, ceramic disc type
3.3µF, 25-volt electrolytic type
10µF, 16-volt electrolytic type
100µF, 10-volt electrolytic type (2)

CdS Cell KC-4SA
Control Knob, Plastic
Clamp, Plastic (L)
Clamp, Plastic (R)
'LJLWDO�'LVSOD\�3&%�$VVHPEO\

&RQVLVWLQJ�RI�
/('�'LJLWDO�'LVSOD\�/7����
Resistor 820 ohm ±5%, 1/4W
3&%�IRU�'LJLWDO�'LVSOD\

Diode, Germanium, 1N60/HP80
Diode, Silicon, 1SS53/1N4143 (2)
Earphone, Crystal Type
Front Panel, Plastic
,QWHJUDWHG�&LUFXLW������
,QWHJUDWHG�&LUFXLW������
.H\�/HYHU�&RQWDFW��/DUJH
Key Lever Contact, Small
Key Lever Holder
Key Lever, Plastic
Lamp, 2.5V, 300mA (red)
Lamp Socket
LED Holder
/LJKW�(PLWWLQJ�'LRGH�65���&����
/XJ���
Main Case, Plastic
Meter 250/uA FS, 650 ohms
Name Plate (label)
Nut 3mm (3)
Paper Panel
PCB for 7400

PARTS LIST

PCB for 7476
5HOD\���YROW������RKP
Resistors

100 ohm
330 ohm (2)
470 ohm (3)
1K ohm (4)
2.2K ohm
4.7K ohm (2)
10K ohm
22K ohm
33K ohm
47K ohm
100K ohm
220K ohm
470K ohm

Screw 2.6 x 5 mm (3)
Screw 3x8 mm (2)
Screw 3x12 mm (2)
6FUHZ��7DSSLQJ���[��PP��$�����
6FUHZ��7DSSLQJ���[��PP��%�����
6FUHZ��7DSSLQJ���[��PP����
6FUHZ��7DSSLQJ���[��PP����
6HDO�IRU�&RQWURO�DQG�7XQLQJ�.QRE����
See-Thru Cover, Plastic
Slide Switch
Speaker, 57 mm, 8 ohm
6SULQJ��0HGLXP������
6SULQJ�:DVKHU���PP����
Terminal Knob (black),Plastic
Terminal Knob (red). Plastic
Transformer, Input (4K CT: 2K)
7UDQVIRUPHU��2XWSXW�����&7����RKP�
Transistors

2SA733 PNP Si. (2)
�6&����131�6L�����

7XQLQJ�.QRE��3ODVWLF
9DULDEOH�&DSDFLWRU��WXQLQJ�����S)
Variable Resistor (control) 50K-B with switch.
Wires

:KLWH�����PP�����
Red, 150 mm (20)
Blue, 250 mm (15)
Yellow, 350 mm (4)
Green, 3m
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