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NOTICE 

This u n i t  w a s  p repared  as an account  of  work sponsored by t h e  United 
S t a t e s  Government. Ne i the r  t h e  United S t a t e s  no r  t h e  United S t a t e s  
Department: of Energy, no r  any of t h e i r  employees, no r  any of  t h e i r  
c o n t r a c t o r s ,  s u b c o n t r a c t o r s ,  o r  t h e i r  employees, makes any warran ty ,  
expres s  o r  impl ied ,  o r  assumes any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  
f o r  t h e  accuracy ,  completeness ,  o r  u se fu lness  of any informat ion ,  
appa ra tus ,  p roduct ,  o r  p rocess  d i s c l o s e d ,  o r  r e p r e s e n t s  t h a t  i t s  use  
would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  
s p e c i f i c  commercial p roduct ,  p rocess ,  o r  s e r v i c e  by t r a d e  name, mark, 
manufac turer ,  o r  o the rwise ,  does n o t  n e c e s s a r i l y  c o n s t i t u t e  o r  imply 
i t s  endorsement, recommendation, o r  f avor ing  by t h e  United States 
Government: o r  any agency , t h e r e o f .  The views and opin ions  of a u t h o r s  
expressed  h e r e i n  do n o t  n e c e s s a r i l y  s t a t e  o r  r e f l e c t  t hose  of t h e  
United S t a t e s  Government o r  any agency t h e r e o f .  

Reference h e r e i n  t o  any 

I 

Informat ion  on t h e  S o l a r  Energy 
Education cur r icu lum may be  
obta ined  from: 

Your comments on and evaZuation of t h i s  
f i e ld - t e s t  edi t ion are so l ic i ted .  

\ 

Solar Energy Project 
c/o New York State Education Department 
Albany, New York 12234 
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The Solar Energy Education Curriculum 

The booklet in your hands is just one part of a series. 
The Solar Energy Education materials include 

a Solar Energy Text, 

a Solar Energy Reader in f o u r  parts : 

Energy, Society, and the Sun (general), 

Sun Story (history and literature), 

Solar Solutions (practical applications), and 

Sun Schooling (classroom-oriented readings), 

Solar Energy Education Activities f o r  

Science , 

Industrial Arts, 

Home Economics , 

Social Studies, and 

Humanities (Art, Music, and English), and 

Solar Energy Education Teacher’s Guides 
to accompany the above activity booklets. 

For more information on the Solar Energy Education 
curriculum, contact 

Solar Energy Project , 

c/o Curriculum Services 
New York State Education Department 
Albany, New York 12234 
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INTRODUCTION 

Without t h e  s u n ' s  energy l i f e  could n o t  e x i s t ,  b u t  most of t h e  t i m e  
w e  t a k e  t h e  sun  f o r  gran ted .  
us  much. I n  r e a l i t y ,  i f  t h e  sun d i d n ' t  e x i s t ,  our  environment would 
cool  t o  a molecule-stopping - 2 7 3 O C I  
raise our  w i n t e r  tempera ture  about  10 

I n  w i n t e r  w e  t h i n k  sunshine  d o e s n ' t  w a r m  

Thanks t o  t h e  sun,  w e  on ly  have t o  
0 t o  3OoC t o  b e  comfortable .  

We've known f o r  many decades t h a t  t h e  s u n ' s  energy could b e  used t o  
grea t  advantage bu t ,  because ' 'conventional" f u e l s  were cheap and easi ly  
obta ined ,  t h e  i d e a  of  u s i n g  s u n s h i n e  had t o  w a i t .  It wai ted  f o r  us t o  
demand more and more energy. It wai ted  f o r  us t o  develop f o s s i l  f u e l  
supply problems. It wai ted  u n t i l  now w e  have so  many i n e f f i c i e n t  
machines t h a t  h a l f  t h e  energy w e  use  l e a k s  away a s  wasted h e a t .  

Surveys show t h a t  many Americans s t i l l  b e l i e v e  t h e  "energy crisis" 
t o  b e  cont r ived .  People who s e r i o u s l y  s t u d y  t h e  s i t u a t i o n  know t h a t  i t  
i s  real. Energy problems are many and complex, and e f f o r t s  t o  s o l v e  
them are hampered by ignorance ,  confus ion ,  and l a c k  of consensus.  

Knowing t h e s e  t h i n g s  t o  be t r u e ,  w e  i n  e d u c a t i o n  a l s o  know t h a t  t h e  
s o l u t i o n  begins  w i t h  educa t ion .  I n d u s t r i a l  a r t s  i s  p a r t i c u l a r l y  w e l l  
s u i t e d  t o  t h i s  t a s k .  Here s t u d e n t s  can l e a r n  t h e  t h e o r i e s ,  and apply  
and compare them by des igning ,  b u i l d i n g ,  and t e s t i n g  t h e i r  own s o l a r  
energy d e v i c e s .  This  k ind  of problem s o l v i n g  n o t  only a f f o r d s  s t u d e n t s  
g r e a t  s a t i s f a c t i o n ,  b u t ,  b e s t  of a l l ,  t e a c h e s  t h e  concepts  and v a l u e s  
t h a t  one day w i l l  b r i n g  us t o  an energy consensus.  The a c t i v i t i e s  
d e s c r i b e d  on t h e  fo l lowing  pages are in tended  t o  provide  a start  i n  t h i s  
d i r e c t i o n .  

b 

-7 
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4 ANNOTATED LIST OF ACTIVITIES 

f 

Activity 1 

Passive So I a r Demon st rat0 rs 

S t u d e n t s  c:onstruct t h r e e  p a s s i v e  s o l a r  
models--direct  g a i n ,  i n d i r e c t  g a i n ,  and i s o l a t e d  

Each model i l l u s t r a t e s  t h e  b a s i c  des ign  f e a t u r e s  
- - - - - - .  \-- - --- \ 

I I 
I 

_I_- - 
gain--and one "average house" model a s  a c o n t r o l .  6 I 

of a p a s s i v e  s o l a r  system. 
I I 
I 

Activity 2 

Passive Solar Heating 

The f o u r  models c o n s t r u c t e d  i n  t h e  prev iou  
a c t i v i t y  are f i t t e d  w i t h  thermometers t o  demon- 
s t r a t e  t h e i r  p a s s i v e  h e a t i n g  c a p a c i t i e s .  From 
h e a t i n g  and c o o l i n g  tempera ture  d a t a ,  s t u d e n t s  
determine how e a c h  model f u n c t i o n s  i n  p a s s i v e  
heating. 

Activity 3 

Passive Solar Cooling 

I 

\ I  
! 

.E 

, ,, ',' , , S t u d e n t s  adapt  t h e  f o u r  p a s s i v e  s o l a r  / 

I ,' I , models f o r  p a s s i v e  c o o l i n g  by adding  s o l a r  chim- 

t h e  g r e a t e s t  amount of p a s s i v e  cool ing .  / 

- - /  

/ /  5 / 
/ 

neys ,  roof overhangs,  and c o o l  a i r  i n l e t  t u b e s .  
The models are t e s t e d  t o  see which one provides  

/ 

Activity 4 

A Photovoltaic Demon st rator 

S o l a r  ce l l s  are used i n  a tes t  a p p a r a t u s  t o  
de te rmine  s o l a r  a l t i t u d e  and azimuth, s o l a r  
i n t e n s i t y ,  and t h e  t r a n s m i t t a n c e  of s o l a r  col-  
l e c t o r  g l a z i n g s .  

Activity 5 

How to Site a Solar Home 

By p r e p a r i n g  "bird 's-eye view" maps o f  a 
p o t e n t i a l  home s i t e ,  s t u d e n t s  learn how t o  
p r o p e r l y  s i t e  a house f o r  maximum s o l a r  ga in  and 
energy conserva t ion .  9 



Activity 6 

I n  t h i s  c o n s t r u c t i o n  p r o j e c t  s t u d e n t s  b u i l d  
a s o l a r  c o l l e c t o r  which employs a i r  as a t r a n s -  
f e r  medium. The c o l l e c t o r  can be mounted as a 
window-box o r  v e r t i c a l - w a l l  c o l l e c t o r ,  and 
tempera ture  d a t a  can be c o l l e c t e d  and analyzed 
t o  determine how w e l l  t h e  c o l l e c t o r  f u n c t i o n s .  

Activity 7 

A Thermosiphoning Collector 

A Solar Water Heater in a Tote Tray 

Recycled materials are used t o  b u i l d  models 
of s o l a r  h o t  w a t e r  h e a t e r s .  By c a l c u l a t i n g  t h e  
amount of  h e a t  each model d e l i v e r s ,  s t u d e n t s  
compare t h e  re la t ive  e f f i c i e n c i e s  of  t h e  w a t e r  
h e a t e r s  and t r y  t o  account 
i n  r e s u l t s .  

f o r  t h e  d i f f e r e n c e s  

Activity 8 

\ 

A Bicycle Wheel Wind Turbine 

A s o p h i s t i c a t e d  wind e l e c t r i c  convers ion  
system is  c o n s t r u c t e d  from a b i c y c l e  wheel. 
I n s t r u m e n t a t i o n  i s  added s o  t h a t  s t u d e n t s  can 
performance test t h e  t u r b i n e  under a c t u a l  
o p e r a t i n g  condi t ior is .  

Activity 9 

Loading the Bicycle Wheel Turbine 

The t u r b i n e  c o n s t r u c t e d  i n  t h e  p r e v i o u s  
a c t i v i t y  i s  o p e r a t e d  under c o n s t a n t  wind speed 
c o n d i t i o n s .  S t u d e n t s  u s e  a p o t e n t i o m e t e r  t o  
s i m u l a t e  p o s s i b l e  l o a d s  on t h e  t u r b i n e .  The 
r e s u l t i n g  d a t a  a r e  analyzed t o  de te rmine  t h e  
e f f e c t  of load  on a t u r b i n e ' s  speed of  r o t a t i o n .  

Activity 10 

The Bicycle Wheel Turbine's Power Output 
Again o p e r a t i n g  t h e  t u r b i n e  under c o n s t a n t  

wind speed c o n d i t i o n s ,  s t u d e n t s  s t u d y  t h e  r e l a -  
t i o n s h i p  between t h e  v o l t a g e  drawn from t h e  wind 
t u r b i n e  and i t s  power o u t p u t .  The peak power of  
t h e  t u r b i n e  i s  found f o r  one wind speed. 
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HOW T O  USE THE ACTIVITIES 

n 

The format of t h e  s o l a r  ac t iv i t i e s  h a s  been s p e c i a l l y  planned t o  make t h e  
a c t i v i t i e s  easy  f ,or b o t h  you and t h e  s t u d e n t  t o  use .  

The Teacher Information Sheet 

Choosing an Activity 

Looking o v e r  t h e  'Teacher Informat ion  
Sheet w i l l  h e l p  you t o  make a selec- 
t i o n .  L i s t e d  t h e r e  are 

courses  and s k i 1 1  areas f o r  t h e  

s k i l l  and conten t  o b j e c t i v e s  of 
a c t i v i t y  and 

t h e  a c t i v i t y .  

Getting Background 

The background informat ion  i s  meant 
t o  save you t i m e  t h a t  might o ther -  
w i s e  have t o  be s p e n t  looking  f o r  
r e s o u r c e s .  For more informat ion  go 
t o  t h e  l i s t  of r e f e r e n c e s  a t  t h e  
end of t h e  Teacher Informat ion  
Sect i o n .  

Preparing for the Activity 

The Teacher Informat ion  Sheet  a l s o  
provides  

a n  advance p l a n n i n g  s e c t i o n  
suggested s t r a t e g i e s  f o r  u s i n g  

t h e  a c t i v i t y ' s  t i m e  frame 
p o i n t s  f o r  s t u d e n t  d i s c u s s i o n  
p o s s i b l e  m o d i f i c a t i o n s  
t y p i c a l  r e s u l t s  
methods of s t u d e n t  e v a l u a t i o n  

t h e  a c t i v i t y  
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The Student Activity Sheets 

Orienting the Student 

Before work begins ,  p o i n t  ou t  t h e  p a r t s  of  t h e  a c t i v i t y :  

t h e  i n t r o d u c t i o n ,  p r o v i d i n g  an overview 
t h e  o b j e c t i v e s ,  s e t t i n g  e x p e c t a t i o n s  
prerequisite s k i l l s  and knowledge 
procedures  f o r  c o n s t r u c t i o n  and use o f  a p p a r a t u s  
c h a r t s ,  t a b l e s ,  and graphs keyed t o  t h e  procedure 
q u e s t i o n s  t o  tes t  s t u d e n t  unders tanding  
t h e  "Looking Back" s e c t i o n ,  summarizing t h e  a c t i v i t y  
t h e  "Going Further"  s e c t i o n ,  s u g g e s t i n g  more p o s s i b l e  a c t i v i t i e s  

Reproducing the Worksheets 

Student  worksheets  a r e  marked w i t h  a gray square  
s e p a r a t e l y  a t  t h e  end of each a c t i v i t y .  

. . . . . , . . 
[<!{<<.: .. !... .. and are p l a c e d  

These may be d u p l i c a t e d  

f o r  use i n  class q u a n t i t i e s ,  o r  
t o  assemble as a s e p a r a t e  s t u d e n t  record  book. 

The fo l lowing  page numbers i n d i c a t e  s t u d e n t  worksheets :  

2- 5 
2-6 
3- 6 

4- 8 7- 7 
6- 8 9-6 

10-6 



8 

OTHER SOLAR ENERGY PROJECT MATERIALS 

The S o l a r  Energy P r o j e c t  produces o t h e r  materials t o  go w i t h  t h e  i n d u s t r i a l  a r t s  
a c t i v i t i e s .  While some of t h e s e  materials are s t i l l  i n  p r e p a r a t i o n ,  o t h e r s  are 
a l r e a d y  a v a i l a b l e .  

The Solar Text 

a comprehensive t reatment  of t h e  
s o l a r  f i e l d  

a p p r o p r i a t e  f o r  a d u l t s  o r  ad- 
vanced secondary s t u d e n t s  

may serve as t h e  framework f o r  a 
s h o r t  course  

has  c h a p t e r s  t h a t  match i n d i v i d -  
u a l  a c t i v i t i e s  

The Solar Reader 

a compi la t ion  of a r t ic les  from 
popular  p e r i o d i c a l s  

covers  a l l  forms of s o l a r  energy 

d i s c u s s e s  t h e  r o l e  of energy i n  
s o c i e t y ,  h i s t o r y , ,  and a r t  

i n c l u d e s  s p e c i a l  s e l e c t i o n s  f o r  
j u n i o r  h i g h  s t u d e n t s  

The Science Activities 
o f f e r  many i d e a s  a p p r o p r i a t e  t o  
i n d u s t r i a l  arts  

i n v o l v e  s imple  arid inexpens ive  
equipment 

are d i v i d e d  i n t o  b o o k l e t s  f o r  
j u n i o r  h i g h  s c i e n c e ,  e a r t h  sci- 
ence ,  b i o l o g y ,  chemis t ry  and 
p h y s i c s ,  and g e n e r a l  s o l a r  
t o p i c s  

The Solar Activities for Other  Disciplin 

are grouped i n t o  b o o k l e t s  f o r  
home economics, : soc ia l  s t u d i e s ,  
and humani t ies  

o f f e r  e x c e l l e n t  o p p o r t u n i t i e s  
f o r  teaming and i n t e r d i s c i p l i -  
n a r y  work 

The emphasis of  t h e  S o l a r  Energy P r o j e c t  materials is  a d a p t a b i l i t y .  Experiment 
w i t h  t h e  a c t i v i t i e s :  and supplementary materials and f i t  them t o  your t e a c h i n g  s t y l e .  
Refer  t o  t h e  next  s e c t i o n  f o r  i d e a s  on how t h e  p r o j e c t  materials can be used. 
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TEACHING SOLAR ENERGY..  . 

. . in the Classroom 

The s o l a r  a c t i v i t i e s  f o r  i n d u s t r i a l  ar ts  are v a r i e d  and a d a p t a b l e .  Try 
one of t h e s e  approaches : 

The Infusion Approach 

use a c t i v i t i e s  i n  an  e x i s t i n g  course  
s e l e c t  a c t i v i t i e s  t h a t  r e i n f o r c e  

course  s k i l l s  and concepts  

The Individualized Approach 

a l low a c t i v i t y  s e l e c t i o n  t o  match 

permi t  pac ing  by a b i l i t y  
provide  a v a r i e t y  of  p r o j e c t s  and 

s t u d e n t  s k i  11 

s h a r i n g  of  i d e a s  

The Independent Study Approach 

motiva te  t h e  t a l en ted  s t u d e n t  
encourage supplementary r e a d i n g  
perhaps s p e l l  o u t  r e s p o n s i b i l i t i e s  

i n  a c o n t r a c t  

The Group Approach 

use w i t h  l o w ,  h i g h ,  o r  mixed a b i l i t y  groups 
~~ 

use t o  t e a c h  j o b  s h a r i n g  and d i v i s i o n  of l a b o r  
use t o  provide  p r a c t i c e  i n  product ion techniques  

The Energy Mini-Course 

group s e v e r a l  a c t i v i t i e s  around a common theme 
use  t o  a t t r a c t  new s t u d e n t s  t o  t h e  i n d u s t r i a l  a r t s  program 

The Separate Energy Course 

use  t h e  a c t i v i t i e s  as a b a s i s ,  
review o t h e r  energy e d u c a t i o n  materials ( s e e  b i b l i o g r a p h y ) ,  
e v a l u a t e  and select  materials,  and then  
p l a n  and develop t h e  course  
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TEACHING SOLAR ENERGY.. . 

. . . beyond the Classroom 

Corn petit ions 

can o f f e r  mot iva t ion  
could  i n v o l v e  a s i n g l e  class o r  several classes 
might s t a r t  w i t h  c o n s t r u c t i o n  p r o j e c t s  o r  a des ign  

c o n t e s t  and evolve  i n t o  an energy f a i r  

Field Trips 

are e s p e c i a l l y  i n t e r e s t i n g  f o r  voca- 

can i n c l u d e  v i s i t s  t o  b u i l d i n g  si tes,  
t i o n a l  s t u d e n t s  

manufac turers ,  l a b o r a t o r i e s ,  
u t i l i t i e s ,  and r e l a t e d  t r a d e s  

may y i e l d  s p e a k e r s  o r  materials f o r  
f u t u r e  c o u r s e s  

The Alternative Energy Club 

draws a broad spectrum of s t u d e n t s  
encourages o u t r e a c h  t o  t h e  s c h o o l  and community 
focuses  e f f o r t  of h i g h l y  motivated s t u d e n t s  

The Energy Workshop 

can b e  open t o  s t u d e n t s ,  t e a c h e r s ,  p a r e n t s ,  o r  t h e  

encourages deepening o f  your own e x p e r t i s e  
can i n v o l v e  gues t  s p e a k e r s ,  hands-on work, media 

could b e  i n c o r p o r a t e d  i n t o  a c o n t i n u i n g  e d u c a t i o n  

p u b l i c  

p r e s e n t  a t i o n s  

program 

Q 
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TEACHING SOLAR ENERGY.. . 

The Resource Center 

The i n d u s t r i a l  arts  shop can become an 
energy r e s o u r c e  c e n t e r .  The energy books,  
pamphlets ,  c a t a l o g s ,  and o t h e r  t e a c h i n g  a i d s  
c o l l e c t e d  by t h e  i n d u s t r i a l  a r t s  t e a c h e r  can 
s e r v e  as v a l u a b l e  s o u r c e s ,  f o r  s t u d e n t s  pre-  
s e n t i n g  r e p o r t s  i n  o t h e r  classes o r  f o r  
t e a c h e r s  i n t e r e s t e d  i n  expanding energy edu- 
c a t i o n  t o  t h e i r  own classrooms.  

. . . . . A Final Note 

. . . by Teaming with Other Teachers 

Energy t o p i c s  know no s u b j e c t  a r e a  bounds. I n  any s c h o o l  today ,  
energy l e s s o n s  are be ing  taught  i n  home economics, s o c i a l  s t u d i e s ,  and 
s c i e n c e  classrooms,  as w e l l  as i n  t h e  i n d u s t r i a l  a r t s  shop. But s t u d e n t s  
are n o t  n e c e s s a r i l y  l e a r n i n g  t h e  i n t e r r e l a t e d n e s s  of energy concepts ,  
i s s u e s ,  and problems. How can you provide  t h e  needed connec t ions?  

The Unstructured Approach 

Informal ly  i n v i t e  a n o t h e r  t e a c h e r  i n t o  your  c lassroom, j u s t  t o  see 
what ' s  going on, o r  t o  d i s c u s s  a t o p i c  o r  h e l p  teach  a s k i l l .  A s o c i a l  
s t u d i e s  t e a c h e r  can d i s c u s s  energy p o l i t i c s .  A math t e a c h e r  can h e l p  w i t h  
energy c a l c u l a t i o n s .  N o  matter what t h e  l e s s o n ,  s t u d e n t s  b e g i n  t o  see 
t h a t  t h e  importance of energy goes beyond t h e  i n d u s t r i a l  arts classroom. 

Structured Team Teaching 

When a team h a s  scheduled p lanning  t i m e  and classroom space ,  i n t e -  
g r a t e d  semester programs can b e  o f f e r e d .  
i n c l u d e  a s c i e n c e ,  an i n d u s t r i a l  a r t s ,  and a s o c i a l  s t u d i e s  t e a c h e r .  
Although a more demanding way t o  t e a c h  energy,  t h e  rewards a r e  a l s o  g r e a t e r .  

A t y p i c a l  team combination may 

An Energy Fair 

By s e t t i n g  a s i d e  a s p e c i a l  s c h o o l  day where a l l  d i s c i p l i n e s  p r e s e n t  
programs and c o o r d i n a t e  a c t i v i t i e s ,  you i l l u s t r a t e  the  i n t e r c o n n e c t e d n e s s  
o f  energy i s s u e s .  

J u s t  a word of c a u t i o n  about t h o s e  
cloudy,  r a i n y ,  o r  w i n d l e s s  days.  I t ' s  n o t  
always p o s s i b l e  t o  tes t  o u t  a p p a r a t u s  on t h e  
day you 've planned f o r ,  s o  a l t e r n a t i v e  
a c t i v i t i e s  f o r  margina l  days should  always 
be up your  sleeve. 
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THE ART OF SCROUNGING 

or Teaching the Concept of Recycling 

I f  you ' re  a s k i n g  youse l f  whether  i t ' s  worth i n v e s t i n g  your t i m e  and 
e f f o r t  i n  c o l l e c t i n g  s c r a p  materials t o  use i n  t e a c h i n g  s o l a r  energy,  
t h e n  cons ider  t h e  fo l lowing .  

What b e t t e r  way i s  t h e r e  t o  r e i n f o r c e  t h e  concept  of  energy con- 
s e r v a t i o n  t h , m  t o  r e c y c l e  materials i n  t h e  s c h o o l  program? There are 
no l o s e r s  i n  t h i s  "game of  scrounging",  only more c r e a t i v e  s t u d e n t s  and 
t e a c h e r s ,  whir, have a l s o  l e a r n e d  t h e  v a l u e  of  r e c y c l i n g  m a t e r i a l s  f o r  y e t  
a n o t h e r  use.  

Scroung:ing should n o t  b e  thought of as a replacement f o r  t h e  normal 
i n d u s t r i a l  a r t s  supply budget .  It can,  however, supplement a budget 
a l l o c a t i o n  dwindl ing due t o  r i s i n g  i n f l a t i o n .  

For a t e a c h e r  i n t r o d u c i n g  energy concepts  i n t o  t h e  classroom f o r  t h e  
f i r s t  t i m e ,  one s u r e  problem i s  f i n d i n g  adequate  s u p p l i e s  and materials. 
There i s  no one comprehensive and inexpens ive  source .  But r a t h e r  than 
g i v i n g  up because you d i d n ' t  budget l a s t  y e a r  f o r  t h a t  energy a c t i v i t y  
you'd r e a l l y  l i k e  t o  t each  t h i s  yea r ,  s tart  making c o n t a c t s  w i th  and seek  
h e l p  from l o c a l  i n d u s t r y ,  manufac turers ,  and r e l a t e d  energy trades. 

n 

Suggestions for Scrounging. . . . . 

. . . . . General . . 

1. Determine which r e g i o n a l  i n d u s t r i e s  
make s u r p l u s  m a t e r i a l s  a v a i l a b l e  t o  
schools .  Give them a l i s t  o f  your  
needs and check back w i t h  them o f t e n .  

2. Don't over look  l o c a l  tradesmen and 
shops as a s o u r c e  of s c r a p .  Leave a 
c o n t a i n e r  i n  each shop and check i t  
p e r i o d i c a l l y .  

3. I f  p o s s i b l e  o r  n e c e s s a r y ,  send a 
s c h o o l  t r u c k  o r  o t h e r  v e h i c l e  t o  
p i c k  up s c r a p  m a t e r i a l s .  

4 .  Use your  s t u d e n t s  a s  a "scrounging 
force" .  I f  p r a c t i c a l ,  use a problem- 
s o l v i n g  technique  t o  i n c o r p o r a t e  t h e  
use of s c r a p  m a t e r i a l s  i n t o  energy 
ac t iv i t i e s .  
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. .  

@ 
. . .  

1. 

2. 

3 .  

4 .  

and Specific . . . . . 

. . . for Solar Glazing 

Use s c r a p s  o f  po lye thy lene  p l a s t i c  
f i l m .  

Check w i t h  l o c a l  g l a s s  companies 
f o r  s c r a p  o r  s u r p l u s  g l a s s .  
(Exe rc i se  cau t ion  when hand l ing  
g l a s s .  ) 

Check w i t h  l o c a l  p l a s t i c  companies 
f o r  s u r p l u s  s h e e t  s t o c k .  

Old s torm windows may be  usab le .  

. . . for Solar Concentrating Surfaces 

1. Leave c o n t a i n e r s  f o r  s c r a p  m i r r o r  s t o c k  wi th  l o c a l  g l a s s  companies. 
Check them p e r i o d i c a l l y ,  

Look f o r  a luminized mylar g i f t  wrapping a t  b e t t e r  g i f t  shops .  2 .  

3 .  Use aluminum f o i l  ( o r  aluminum p a s t r y  c o n t a i n e r s )  as an inexpens ive  
s u r f a c e .  

Use d i sca rded  snow d i s h e s  o r  snow s a u c e r s  as  p a r a b o l i c  r e f l e c t o r s .  4 .  

5. Borrow overhead p r o j e c t o r  l e n s e s  from your  audio-v isua l  department.  

. . . for Solar Absorber Materials 

1. Check w i t h  l o c a l  s h e e t  metal c o n t r a c t o r s  f o r  s c r a p .  

2 .  Remove c o i l s  and p l a t e s  from junked r e f r i g e r a t o r s .  

3 .  Look f o r  sc rapped  co r ruga ted  metal. 

4 .  Check w i t h  s o l a r  s u p p l i e r s  and d e a l e r s  f o r  s c r a p s  and damaged materials.  

. . . for Insulation Materials 

1. Have s t u d e n t s  look  a t  home f o r  l e f t - o v e r  i n s u l a t i o n  materials. 

2.  

3. 

Check wi th  l o c a l  c a r p e t  d e a l e r s  f o r  s c r a p s  o f  foam c a r p e t  padding. 

Use foam packing materials o r  even sawdust o r  newspaper. 
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. . . for Heat Storage Containers 

1. 

2. 

C o l l e c t  d i t . t o  f l u i d  c o n t a i n e r s  from school  o f f i c e s .  

Obtain t i n  cans ,  p l a s t i c  mi lk  c o n t a i n e r s ,  and p l a s t i c  p a i l s  from t h e  
school  c a f e t e r i a .  

Check w i t h  l o c a l  plumbers and s c r a p  d e a l e r s  f o r  w a t e r  s t o r a g e  tanks .  3 .  

n 

. . . for Photovoltaic Supplies 

1. Look i n t o  :Low-cost s u r p l u s  s o l a r  ce l l s  from i n d u s t r i a l  sources .  
may have t o  s o l d e r  l e a d s  o n t o  t h e  ce l l s ,  however. 

You 

2 .  Obtain d i s c a r d e d  meters and o t h e r  e l e c t r i c a l  components from r e g i o n a l  
i n d u s t r i e s  and l a b o r a t o r i e s  o r  from s u r p l u s  s t o r e s .  

3 .  Find o u t  what can be borrowed from your s c h o o l  s c i e n c e  department.  

4 .  Check w i t h  l o c a l  e l e c t r o n i c s  s t o r e s  f o r  damaged, d e f e c t i v e ,  o r  
r e t u r n e d  equipment and s u p p l i e s .  

, . . for Wind Energy Supplies 

1. Cons t ruc t  wind t u r b i n e s  from "L' Eggs'' 
pantyhose c o n t a i n e r s ,  b i c y c l e  wheels ,  
and o i l  drums. 

Locate  an unused farm windmil l  o r  wind 
g e n e r a t o r .  With a t a x  w r i t e - o f f  a s  an 
i n c e n t i v e ,  t h e  owner might donate  t h e  
windmil l  f o r  2 class r e c o n s t r u c t i o n  
p r o j e c t  . 

2 .  

3 .  C o l l e c t  speedometers ,  b e l t s ,  p u l l e y s ,  
g e a r s ,  c h a i n s ,  and s p r o c k e t s  from auto- 
mobiles ,  lawn mowers, and b i c y c l e s .  

4 .  B e  on t h e  a l e r t  f o r  s m a l l  D.C.  motors ,  
b i c y c l e  g e n e r a t o r s ,  a u t o  g e n e r a t o r s ,  
and a l t e r n a t o r s .  

Use o l d  b a t t e r i e s  t o  s t o r e  wind energy. 
Sources of  used b a t t e r i e s  i n c l u d e  a u t o  
junk  y a r d s ,  t e lephone  companies, sur -  
p l u s  d e a l e r s ,  government s u r p l u s  depots ,  
and gol f  courses  where e l e c t r i c  car ts  
a re  used. 

5. 

c 



SOLAR SAFETY 

General Considerations . . . 

A s  w i t h  a l l  i n d u s t r i a l  a r t s  p r o j e c t s ,  i t  
i s  of  utmost importance t o  t a k e  t h e  
necessa ry  s a f e t y  p r e c a u t i o n s  when working 
on s o l a r  energy a c t i v i t i e s .  

General  l a b  s a f e t y  requirements  i n c l u d e  
t h e  p r o v i s i o n  of 

3 

- p r o p e r l y  l a id -ou t  machines and f u r n i t u r e ,  

- adequate  i l l u m i n a t i o n ,  v e n t i l a t i o n ,  and 

- f i r e  p r o t e c t i o n  and e x t i n g u i s h e r s ,  

- a means of  emergency e x i t ,  

- prope r  housekeeping and s t o r a g e  p r a c t i c e s  , 
- well-maintained equipment,  w i t h  p rope r  

- s a f e  w i r i n g  and e l e c t r i c a l  i n s t a l l a t i o n s ,  

- s a f e  gas  connec t ions  and c o n t r o l s ,  

- eye s a f e t y  g l a s s e s  and s h i e l d s ,  

- i n s t r u c t i o n  i n  l a b  s a f e t y ,  and 

- an acc iden t  record  system. 

tempera ture  c o n t r o l ,  

s a f e t y  guards ,  

Proper  body p r o t e c t i o n  a l s o  needs c o n s i d e r a t i o n .  I n  general ,  t h e  
body shou ld  be  p r o t e c t e d  i n  t h e  fo l lowing  ways f o r  s o l a r  s a f e t y .  

The head: Wear hard  hats when working on wind energy systems and 
wind towers .  

The eyes: Wear s a f e t y  g l a s s e s  o r  goggles  a t  a l l  t imes.  

Use a B10 arc  welding shade  when s e t t i n g  up,  focus ing ,  
and o p e r a t i n g  c o n c e n t r a t i n g  c o l l e c t o r s .  

When photographing c o l l e c t o r s ,  c a u t i o n  s t u d e n t s  about  
t h e  dangers  of magnifying view f i n d e r s .  

Wear p l a s t i c  f a c e  s h i e l d s  when working on s o l a r  co l -  
l e c t o r s  u s ing  h o t  water t r a n s p o r t .  

Do n o t  wear sung las ses .  They p rov ide  only  minimal 
p r o t e c t i o n .  
- 

Don't look a t  t h e  sun. 
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The ears: 

The nose 
and mouth: 

The body: 

The hands: 

The feet: 

Wear ear p r o t e c t o r s  d u r i n g  n o i s y  o p e r a t i o n s  such as p l a n i n g  
wood o r  c u t t i n g  and forming meta ls .  

Wear e a r  p r o t e c t i o n  when o p e r a t i n g  cha in  saws. 

U s e  r e s p i r a t o r s  f o r  p r o t e c t i o n  a g a i n s t  d u s t ,  and when spray  
p a i n t i n g ,  i n s t a l l i n g  i n s u l a t i o n ,  o r  wicking a s b e s t o s  on 
s t: oves . 
Wear shop aprons o r  c o a t s ,  l e a t h e r  aprons ,  o r  a s b e s t o s  aprons  
and leggings  when h a n d l i n g  h o t  m a t e r i a l s .  

Wear l e a t h e r  gloves when h a n d l i n g  h o t  h o s e s ,  f i t t i n g s ,  o r  
p a r t s .  

Wear a p p r o p r i a t e  gloves f o r  welding and foundry o p e r a t i o n s .  

Remove r i n g s  and b r a c e l e t s  when o p e r a t i n g  mechanical equipment. 
(Long necklaces  should  a l s o  b e  removed.) 

Wear hard-toed shoes  o r  shoe p r o t e c t o r s  when handl ing  heavy 
metal p i e c e s  such as w a t e r  t a n k s ,  c o l l e c t o r s ,  o r  wind t u r b i n e s .  

I .  

. . . and Specific Considerations . . . 

. . . for Solar Collectors 

1. 

2 .  

3 .  

4 .  

5. 

6 .  

Use a r c  welding eye p r o t e c t i o n  
when making o p e r a t i n g  a d j u s t -  
ment s. 

Handle a b s o r b e r / c o l l e c t o r  u n i t s  
w i t h  caut ion .  

Do n o t  a l low l e a d  o r  cadmium t o  
contaminate  d r i n k i n g  water .  

P r o p e r l y  p l a c e  pressure l tempera-  
t u r e  s a f e t y  v a l v e s  i n  active o r  
thermosiphoning h o t  water 
systems.  

Do n o t  use wood as an absorber ,  
s p a c e r ,  o r  i n n e r  frame member i n  
c o l l e c t o r  c o n s t r u c t i o n .  

Have b o i l e r s  i n s p e c t e d  and 
approved b e f o r e  use.  

n 

c 



. . for Wind Systems 

1. Balance b l a d e  u n i t s .  

2. I n s t a l l  governing systems f o r  h igh  wind 
c o n d i t i o n s .  

3.  Provide ground-act ivated brake  systems. 

4 .  

5. 

6 .  Wear hard h a t s  and s a f e t y  g l a s s e s .  Use 

Use welded s tee l  towers o r  p o l e s .  

Provide work p l a t f o r m s  and " t o o l  pockets". 

c l imbing b e l t s  above ground. 

7 .  I n s t a l l  p r o p e r  f u s e s  i n  c i r c u i t s .  Provide 
an adequate  meter ing  and c o n t r o l  pane l .  

Wear s a f e t y  g l a s s e s  and e x e r c i s e  c a u t i o n  
when h a n d l i n g  b a t t e r i e s  and b a t t e r y  a c i d s .  

P r o t e c t  a g a i n s t  a r c i n g  when b a t t e r i e s  a r e  
charging.  

8. 

9 .  

. . . for Hydropower Systems 

1. 

2. 

3.  

4.  

5. 

6 .  

Balance t u r b i n e  u n i t s .  

I n s t a l l  guards on mechanical s h a f t s ,  b e l t s ,  
and d r i v e s .  

Provide adequate  p r e s s u r e  housings.  

I n s t a l l  adequate  shut-down and run-off 
valves. 

I n c l u d e  a c c e p t a b l e  power c o n t r o l ,  w i r i n g ,  and 
charg ing  systems.  

D a m s  should be c o n s t r u c t e d  t o  s u r v i v e  s p r i n g  
run-off c o n d i t i o n s .  

. . for Biofuels Systems 

Woodstoves: 

1.  

2. 

3 .  

U s e  p roper  welding and c o n s t r u c t i o n  techniques  

Make s u r e  woodstove l e g s  are t h e  proper  l e n g t h  
t o  p r o t e c t  f l o o r s  from extreme h e a t .  I n s t a l l  
h e a t  s h i e l d s  on w a l l s  and f l o o r s .  

I n s t a l l  dampers and f l u e  vents t o  provide  
c o n t r o l s  a g a i n s t  overhea t ing .  

? 

1 7  

! 
i 



1 18 

I 

I 

4 .  Use sand o r  r e f r a c t o r y  b r i c k s  t o  
p r o t e c t  t h e  s t o v e  metal from 
overhea t  i n  g . 

5. Allow f o r  expansion and contrac-  
t i o n  of s t o v e  p a r t s .  

6 .  Always use p r o p e r l y  l o c a t e d  t e m -  
p e r a t u r e j p r e s s u r e  s a f e t y  v a l v e s  
i n  wood-heated h o t  water systems. 

I n  hot  water plumbing systems,  
avoid overhead elbows which might 
t r a p  steam. 

7. 

8. Unless proper  procedures  are 
fol lowed,  avoid welding propane 
o r  ga lvanized  s tee l  tanks .  

Alcohol and Methane Systems: 

1. Provide adequate  v e n t i l a t i o n .  

2 .  Use t e m p e r a t u r e / p r e s s u r e  devices  
as r e q u i r e d .  

3.  Once a l c o h o l  o r  methane g e n e r a t i o n  
b e g i n s ,  p rovide  f o r  adequate  
s t o r a g e  of t h e  product .  

4 .  U s e  p r o t e c t i v e  procedures ,  i n c l u d i n g  "No Smoking" and "No Open Flame" 
warning s i g n s .  

5. Avoid l e a k s  i n  t h e  system. 

6 .  Monitor o p e r a t i n g  procedures .  

7. P r o p e r l y  c o n t a i n  and c o n t r o l  v o l a t i l e  l i q u i d s  and gases .  

. . . for Energy Conservation 

1. U s e  r e s p i r a t o r s ,  s a f e t y  g l a s s e s ,  long s l e e v e s ,  and g loves  when h a n d l i n g  
i n s u l a t i o n .  

2. Do n o t  i n s u l a t e  around recessed  l i g h t s .  

3. Provide adequate  v e n t i l a t i o n  when u s i n g  i n s u l a t i n g  foams. B e  aware 
of t h e  p o s s i b l e  s a f e t y  problems w i t h  urea-formaldehyde foam. 

4 .  I n s u l a t e  h o t  w a t e r  h e a t e r s  a c c o r d i n g  t o  s a f e ,  accepted procedures .  

5. Caution s t u d e n t s  about  p o s s i b l e  adverse  h e a l t h  e f f e c t s  from an o v e r l y  
t i g h t  house. 
l a t i o n  systems f o r  k i t c h e n  and b a t h .  

Expla in  t h e  use of a i r - t o - a i r  h e a t  exchangers and v e n t i -  
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Length 

- 

METRIC CONVERSIONS 

inches 
feet 
feet 
yards 
miles 

Base Units 

gram (g) = weight or mass 
= length 
= area 

meter (m) 
square meter (m ) 
liter (1) = volume 
calorie (c) = heat 
degree Celsius ("C) = temperature 
kilometer per hour (km/hr) = speed (velocity) 

2 

square centimeters 
square meters 
square meters 

Common Prefixes 

2 cm 
2 
2 

m 
m 

~ 

milli = 1 / 1 O O O  or 0.001 
centi = 1/100 or 0.01 
kilo = 1,000 

Mass (Weight) 

Volume 

Tem pe ratu re 

Converting English Units to Metric Units 

English units of measure have been used throughout the student 
activities. While we would have preferred to use metric units, there are two 
reasons why we did not: 

tools from today's construction industry. 

in dual units. 

It is difficult to obtain metric-sized lumber, accessories, and 

It seemed cumbersome and confusing to report so many measurements 

The table below is intended to aid those who wish to use metric 
measurements with students. 

I 

ounces 
pounds 

gallons 
cubic feet 

degrees 
Fahrenheit 

Unit of Measure English Unit 

28 
0.45 

3.8 
0.03 

grams g 
kilograms kg 

liters 1 
cubic meters m3 

Area 

Heat Btu 

Speed miles per 
hour 

- '  

square inches 
square feet 
square yards 

252 

1.61 

calories C 

kilometers kmlhr 
per hour 

1 I 
4 Multiply By 

c- Divide By 
Metric Unit Symbol 

I 1 
2.54 

30.0 
0 . 3  
0.91 
1.61 

centimeters 
centimeters 
meters 
meters 
kilometers 

cm 
cm 
m 
m 
km 

I I 

6.5 
0.09 
0 . 8  

II 

OC 
-5/9 .(after 

4 - 9 / 5  plus 32 

degrees subtracting 3 2 )  
Celsius 
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n 

absorber :  a s u r f a c e ,  u s u a l l y  blackened m e t a l ,  which absorbs  s o l a r  rad ia-  
t i o n  and c o n v e r t s  i t  t o  h e a t  energy i n  a s o l a r  c o l l e c t o r .  

active s o l a r  energy system: a system which r e q u i r e s  e x t e r n a l  mechanical 
power (motors,  pumps, valves, e t c . )  t o  o p e r a t e  t h e  system and t o  
t r a n s f e r  t h e  c o l l e c t e d  s o l a r  energy from t h e  c o l l e c t o r  t o  s t o r a g e  o r  
t o  d i s t r i b u t e  i t  throughout t h e  l i v i n g  u n i t .  Act ive systems can pro- 
v i d e  space  h e a t i n g  and cool ing ,  domest ic  h o t  water, a n d l o r  steam f o r  
i n d u s t r i a l  use.  

a l t i t u d e :  t h e  a n g u l a r  d i s t a n c e  from t h e  h o r i z o n  t o  t h e  sun. 

azimuth: t h e  a n g u l a r  d i s t a n c e  from t r u e  s o u t h  t o  t h e  p o i n t  on t h e  
hor izon  d i r e c t l y  below t h e  sun. 

- Btu: B r i t i s h  thermal  u n i t ,  a u n i t  f o r  measuring h e a t ;  a Btu i s  t h e  
q u a n t i t y  of h e a t  n e c e s s a r y  t o  raise t h e  tempera ture  of one pound of 
water one degree  F a h r e n h e i t .  It e q u a l s  252 c a l o r i e s .  

c a l o r i e :  a metric u n i t  of h e a t  energy;  t h e  amount of h e a t  needed t o  raise 
the  temperature  of one g r a m  of w a t e r  one degree C e l s i u s .  It e q u a l s  
0.0039 Btu.. 

c o l l e c t o r :  any of a wide v a r i e t y  of d e v i c e s  ( f l a t - p l a t e ,  c o n c e n t r a t i n g ,  
vacuum tube ,  greenhouse,  e t c . )  which c o l l e c t  s o l a r  r a d i a t i o n  and con- 
vert  i t  t o  h e a t .  

c o l l e c t o r  e f f i c i e n c y :  t h e  f r a c t i o n  of incoming r a d i a t i o n  captured  by t h e  
c o l l e c t o r .  I f  a system c a p t u r e s  h a l f  of t h e  incoming r a d i a t i o n ,  t h e  
system is  50% e f f i c i e n t .  

conduction: t h e  t r a n s f e r  of h e a t  energy through a material  by t h e  motion 
of ad j acernt a t  oms and molecules .  

, convect ion:  t h e  t r a n s f e r  of h e a t  energy from one l o c a t i o n  t o  a n o t h e r  by 
t h e  motion of  f l u i d s  which c a r r y  t h e  h e a t .  

d i r e c t  s o l a r  g a i n :  a t y p e  of p a s s i v e  s o l a r  h e a t i n g  system i n  which s o l a r  
r a d i a t i o n  p a s s e s  through t h e  south- fac ing  l i v i n g  space  b e f o r e  b e i n g  
s t o r e d  i n  t h e  thermal  mass. 

e a r t h  berm: a bank of d i r t  t h a t  a b u t s  a b u i l d i n g  t o  s t a b i l i z e  i n t e r i o r  
tempera ture  o r  t o  d e f l e c t  t h e  wind. 

energy: t h e  a b i l i t y  t o  do work o r  make t h i n g s  move; t h e  a p p l i c a t i o n  of a 
f o r c e  through a d i s t a n c e .  
t r i c a l ,  k i n e t i c  o r  motion, g r a v i t a t i o n a l ,  l i g h t ,  a tomic,  chemical ,  
h e a t )  and can be conver ted  from one t o  another .  Common u n i t s  a r e  
c a l o r i e s ,  j o u l e s ,  Btu,  and k i lowat t -hours .  

Energy exists i n  a v a r i e t y  of forms (elec- 

e u t e c t i c  s a l t s :  a group of m a t e r i a l s  t h a t  m e l t  a t  a low tempera ture ,  and 
absorb  l a r g e  q u a n t i t i e s  of  h e a t  i n  t h e  p r o c e s s .  
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f l a t - p l a t e  c o l l e c t o r :  an  enc losed ,  glazed panel  c o n t a i n i n g  a m e t a l  
absorb ing  s u r f a c e  t h a t  c o n v e r t s  s u n l i g h t  t o  h e a t  w i t h o u t  t h e  a i d  of  
a r e f l e c t i n g  s u r f a c e  t o  c o n c e n t r a t e  t h e  rays .  The c o l l e c t o r  t r a n s f e r s  
i t s  h e a t  t o  a c i r c u l a t i n g  f l u i d .  

g e n e r a t o r :  a device  t h a t  c o n v e r t s  h e a t  o r  mechanical energy i n t o  elec- 
t r i c a l  energy. 

Glauber ' s  salts:  sodium s u l f a t e  decahydra te ,  a e u t e c t i c  s a l t  t h a t  m e l t s  
a t  90 degrees  Fahrenhei t  and absorbs about 104 Btu p e r  pound as i t  
does s o ;  inexpens ive ,  used f o r  s t o r i n g  s o l a r  h e a t .  

g l a z i n g :  t h e  t r a n s p a r e n t  o r  t r a n s l u c e n t  cover  of a s o l a r  c o l l e c t o r  ( a l s o :  
cover  p l a t e ) ,  o r  t h a t  material which forms a window o r  s k y l i g h t .  I n  
s o l a r  a p p l i c a t i o n s ,  g l a s s  o r  a c r y l i c  i s  u s u a l l y  used as a g l a z i n g .  

greenhouse e f f e c t :  a phenomenon which c o n v e r t s  s o l a r  r a d i a t i o n  t o  h e a t .  
S u n l i g h t  p e n e t r a t e s  g l a z i n g  q u i t e  e a s i l y  b u t ,  when absorbed by o b j e c t s  
behind t h e  g l a z i n g ,  i s  r e r a d i a t e d  as h e a t  which does n o t  p e n e t r a t e  t h e  
g l a z i n g  as e a s i l y .  Heat i s  thereby  t rapped  and can b e  used. 

h e a t  c a p a c i t y  ( s p e c i f i c  h e a t ) :  t h e  q u a n t i t y  of  h e a t  r e q u i r e d  t o  raise 
t h e  tempera ture  o f  a given volume of material by one degree  i n  a given 
system of measurement. 

h e a t  s i n k :  a medium (gas ,  l i q u i d ,  o r  s o l i d )  capable  of a c c e p t i n g  and 
s t o r i n g  h e a t .  

h o r i z o n t a l  s h a f t  wind t u r b i n e :  a wind machine on which t h e  s h a f t  t o  which 
t h e  r o t o r s  are a t t a c h e d  i s  p a r a l l e l  t o  t h e  e a r t h .  

h y b r i d  s o l a r  enerpy system: a system t h a t  u s e s  b o t h  act ive and p a s s i v e  
methods t o  o p e r a t e .  

i n d i r e c t  s o l a r  ga in :  a t y p e  of p a s s i v e  s o l a r  h e a t i n g  system i n  which t h e  
s t o r a g e  i s  p laced  between t h e  c o l l e c t i n g  and t h e  d i s t r i b u t i n g  s u r f a c e s  
(example: Trombe  wall, water w a l l ,  o r  roof pond). 

i n f i l t r a t i o n :  t h e  u n c o n t r o l l e d  movement of outdoor  a i r  i n t o  a b u i l d i n g  
through c r a c k s  around windows and doors  and i n  w a l l s ,  r o o f s ,  and f l o o r s .  

i n f r a r e d  r a d i a t i o n :  t h e  i n v i s i b l e  r a y s  j u s t  beyond t h e  r e d  of t h e  v i s i b l e  
spectrum; t h e i r  wavelengths  are longer  t h a n  t h o s e  of t h e  spectrum c o l o r s  
and t h e y  have a p e n e t r a t i n g  h e a t i n g  e f f e c t .  

i n s o l a t i o n :  t h e  amount of  s o l a r  r a d i a t i o n  ( d i r e c t ,  d i f f u s e ,  o r  r e f l e c t e d )  
s t r i k i n g  a s u r f a c e  exposed t o  t h e  sky;  measured i n  w a t t s  p e r  s q u a r e  
meter o r  Btu p e r  s q u a r e  f o o t .  

i n s u l a t i o n :  
flow. 

m a t e r i a l  w i t h  h i g h  r e s i s t a n c e  (R-value) ; used t o  r e t a r d  h e a t  

i s o l a t e d  s o l a r  ga in :  a t y p e  of  p a s s i v e  s o l a r  h e a t i n g  system i n  which h e a t  
i s  c o l l e c t e d  i n  one area (sunspace,  a t t i c  c o l l e c t o r )  and used i n  
a n o t h e r  ( l i v i n g  s p a c e s ) .  
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langley :  a measure of  s o l a r  r a d i a t i o n ;  i t  e q u a l s  one c a l o r i e  p e r  minute 
per  square  c e n t i m e t e r ,  o r  3.69 Btu p e r  square  f o o t .  

passive s o l a r  energy system: an assembly of  n a t u r a l  and a r c h i t e c t u r a l  
components which c o n v e r t s  s o l a r  energy i n t o  usable  o r  s t o r a b l e  thermal 
energy ( h e a t )  wi thout  mechanical power. Current  p a s s i v e  s o l a r  energy 
systems o f t e n  i n c l u d e  f a n s .  

p h o t o v o l t a i c  I&: a device  which c o n v e r t s  s o l a r  energy d i r e c t l y  i n t o  
e l e c t r i c i t y .  S u n l i g h t  s t r i k i n g  c e r t a i n  materials ( s i l i c o n ,  most common) 
causes  t h e  release of e l e c t r o n s .  The m i g r a t i o n  of t h e s e  r e l e a s e d  
e l e c t r o n s  produces an  e l ec t r i ca l  c u r r e n t .  The conversion p r o c e s s  i s  
c a l l e d  t h e  p h o t o v o l t a i c  e f f e c t .  

power: energy used p e r  u n i t  t i m e .  The power r a t i n g  of a p a r t i c u l a r  l i g h t  
bulb,  s a y  a 100-watt bu lb ,  i s  t h a t  rate a t  which t h e  bulb  consumes 
energy. 

r a d i a t i o n :  t h e  method by which h e a t  i s  t r a n s f e r r e d  through open space.  
About 60% of  t h e  h e a t  t r a n s f e r r e d  t o  a room from a wood s t o v e  is  by 
r a d i a t i o n .  S u n l i g h t  travels t o  us  by r a d i a t i o n  through t h e  void  of 
space  a t  ' ' the speed of l i g h t " ,  299,728 k i l o m e t e r s  p e r  second. 

renewable ene.rgy source :  a n  energy source  which r e p l e n i s h e s  i t s e l f ;  so l a r  
energy and c e r t a i n  forms d e r i v e d  from i t ,  such as wind, biomass, and 
hydro. 

r e t r o f i t :  t o  modify an  e x i s t i n g  b u i l d i n g  by adding a s o l a r  h e a t i n g  o r  
c o o l i n g  s y : ; t e m , , o r i n s u l a t i o n  t o  improve i t s  energy e f f i c i e n c y .  

r o t o r :  a r o t a t i n g  b l a d e  o r  o t h e r  s u r f a c e  moved by t h e  wind. 

R-value: t h e  measure of  r e s i s t a n c e  t o  h e a t  flow; thermal  r e s i s t a n c e .  

s o l a r  energy: t h e  e l e c t r o m a g n e t i c  r a d i a t i o n  e m i t t e d  by t h e  sun. The e a r t h  
receives about  4200 t r i l l i o n  k i lowat t -hours  of s o l a r  r a d i a t i o n  p e r  day. 

s o l a r  g r e e n h 0 . E :  a sun  space  c o n t a i n i n g  thermal  m a s s  and used t o  grow 
p l a n t s .  

s t a g n a t i o n :  a h i g h  tempera ture  c o n d i t i o n  o c c u r r i n g  i n  a s o l a r  c o l l e c t o r  
when t h e  sun  i s  s h i n i n g  and no f l u i d  i s  f lowing through t h e  c o l l e c t o r ;  
t empera tures  range from 250 degrees  Fahrenhei t  t o  400 degrees  
Fahrenhei t ,  depending on c o l l e c t o r  design.  Any c o n d i t i o n  under which 
a c o l l e c t o r  i s  l o s i n g  as much h e a t  as i t  ga ins .  

s t o r a g e :  t h e  device  o r  medium t h a t  absorbs  c o l l e c t e d  h e a t  and s t o r e s  i t  
f o r  l a t e r  u s e .  

sun space :  an  a t t a c h e d ,  g lazed  room from which h e a t  i s  withdrawn t o  t h e  
l i v i n g  space d u r i n g  t h e  day. 

sun tempering: when s o l a r  energy c o n t r i b u t e s  t o  t h e  energy e f f i c i e n c y  of  
a s t r u c t u r e ,  but  i s  n o t  t h e  main energy source .  
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temperature:  a measure of t h e  energy of motion of  t h e  atoms and molecules  
of a subs tance .  Thermometers and t h e r m i s t o r s  are used t o  measure an  
o b j e c t ' s  temperature .  The t i p  of a burning match has  a h igh  temperature ,  
bu t  t h e  o b j e c t  as a whole might c o n t a i n  very  l i t t l e  h e a t  due t o  i t s  s i z e .  

thermal  m a s s :  m a s s  used t o  s t o r e  h e a t  energy,  u s u a l l y  c o l l e c t e d  s o l a r  
energy. Rock b i n s ,  sand beds,and c o n t a i n e r s  f i l l e d  w i t h  water o r  
e u t e c t i c  sa l ts  have been used s u c c e s s f u l l y  a s  thermal  masses. 

thermosiphoning: h e a t  t r a n s f e r  i n  a f l u i d  ( a i r ,  l i q u i d )  by means of  
c u r r e n t s  r e s u l t i n g  from t h e  n a t u r a l  f a l l  o f  h e a v i e r ,  c o o l e r  f l u i d  and 
rise of l i g h t e r ,  w a r m e r  f l u i d .  

t r a n s f e r  medium: t h e  subs tance  t h a t  c a r r i e s  h e a t  from t h e  s o l a r  c o l l e c t o r  
t o  s t o r a g e  o r  from s t o r a g e  t o  t h e  l i v i n g  a r e a s .  

Trombe w a l l :  masonry, t y p i c a l l y  8 t o  16 i n c h e s  t h i c k ,  blackened and exposed 
t o  t h e  sun  behind g l a z i n g ;  a p a s s i v e  s o l a r  h e a t i n g  system i n  which a 
masonry w a l l  c o l l e c t s ,  s t o r e s ,  and d i s t r i b u t e s  h e a t .  

t u r b i n e :  a motor,  t h e  s h a f t  o f  which i s  r o t a t e d  by a stream of water, 
steam, a i r ,  o r  f l u i d  from a n o z z l e  and forced  a g a i n s t  t h e  b l a d e s  of  a 
wheel. 

ver t ica l  s h a f t  wind t u r b i n e :  a wind machine on which t h e  s h a f t  t o  which 
t h e  r o t o r s  a r e  a t t a c h e d  i s  p e r p e n d i c u l a r  t o  t h e  e a r t h .  

w a t t :  a u n i t  o f  measure f o r  e l ec t r i ca l  power e q u a l  t o  t h e  t r a n s f e r  of one 
j o u l e  of energy p e r  second. The w a t t  i s  t h e  u n i t  o f  power most o f t e n  
a s s o c i a t e d  w i t h  e l e c t r i c L t y ,  determined by m u l t i p l y i n g  r e q u i r e d  v o l t s  by 
r e q u i r e d  amperes. One horsepower = 746 w a t t s .  

w e a t h e r s t r i p p i n g :  reduces  t h e  rate of a i r  i n f i l t r a t i o n  by making s u r e  
t h a t  all doors  and windows f i t  t h e i r  frames snugly ;  f o r  example, 
p u t t y i n g  around windows. 

WECS (wind energy conversion system):  a system w h i c h  c o n v e r t s  mechanical 
energy from t h e  wind t o  e l e c t r i c i t y ,  h e a t ,  o r  f u e l  which i s  used 
d i r e c t l y  o r  s t o r e d .  

wind t u r b i n e  g e n e r a t o r :  a wind machine, powered by a r o t a t i n g  b l a d e  o r  
p r o p e l l e r ,  t h a t  d r i v e s  a n  e l e c t r i c  g e n e r a t o r .  

work: a f o r c e  a c t i n g  a g a i n s t  r e s i s t a n c e  t o  produce motion i n  a body; mea- 
s u r e d  by t h e  product  of t h e  f o r c e  a c t i n g  and t h e  d i s t a n c e  moved a g a i n s t  
t h e  r e s i s t a n c e .  
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Homeowner's Guide t o  S o l a r  Heat ing,  Sunset  Books. 
(Lane P u b l i s h i n g ,  Willow & M i d d l e f i e l d  Roads, Menlo Park ,  CA 94025, 
1979, $3.95.) 

How t o  Bui ld  t h e  Michigan A i r t i g h t  S tove ,  S. S. Miner. 
(Miner Machine Developing Co., 1 4 1 1  Harrah Road, Niles, M I  49120, 1978,  
$5.00.) 

I n  t h e  Bank O r  Up t h e  Chimney? 
( C h i l t o n ,  School L i b r a r y  Services, 201 King of P r u s s i a  Road, Radnor, PA 
19089, 1976, $1.95/paper.)  

I n t r o d u c t i o n  t o  Appropr ia te  Technology, R. J. Congdon. 
(Rodale P r e s s ,  33 E a s t  Minor S t ree t ,  Emmaus, PA 18049, 1977, $6.95/paper.)  

L i m i t s  t o  Growth, Donella H. Meadows e t  a l .  
(S igne t  - New American L i b r a r y ,  120 Woodbine S t ree t ,  B e r g e n f i e l d ,  N J  
07621, 1972, $1.50/paper.) 

New I n v e n t i o n s  i n  Low Cost S o l a r  Heat ing ,  W i l l i a m  A. S h u r c l i f f .  
(Br ick  House P u b l i s h i n g  Co., 3 Main Street ,  Andover, MA 01810, 1979, 

100 Ways t o  Save Enerpy & Money i n  t h e  Home, O f f i c e  of Energy Conservat ion.  
(Conservat ion Books, P.O. Box 3500, S t a t i o n  C y  O t t a w a ,  O n t a r i o ,  Canada 
K1Y 4 G 1 ,  1979, f r e e . )  

Other  Homes and Gargape, J i m  Leckie  e t  a l .  
( S i e r r a  Club Books, 530 Bush S t ree t ,  San Franc isco ,  CA 94108, 1975, $9.95.) 

The P a s s i v e  S o l a r  Energy Book, Edward Mazria. 
(Rodale P r e s s ,  33 East Minor Street ,  Emmaus, PA 18049, 1979 ,  $12.95/paper.) 

Pract ical  Bui ld ing  of Methane Power P l a n t s  f o r  Energy Independence, L. John Fry. 
(L. John Fry ,  1 2 2 3  North Nopal  S t ree t ,  S a n t a  Barbara,  CA 93103, 1974, 
$12.OO/paperO) 

Rainbook: Resources f o r  Appropr ia te  Technology, e d i t o r s  of Rain. 
(Schocken Books, Inc .  200 Madison Avenue, New York, NY 10016, 1977, 

Rays of Hope, Denis Hayes. 
(W. W. Norton, 500 F i f t h  Avenue, New York, NY 10036, 1977, $3,95/paper . )  

S i m p l i f i e d  Wind Power Systems & Experiments,  J a c k  Paar .  
(Hel ion Corp., Box 445, Brownvil le ,  CA 95919, 1975, $6.00.) 

S m a l l  is  B e a u t i f u l :  Economics A s  I f  People  Mat te red ,  E. F. Schumacher. 
(Harper Row, Keystone I n d u s t r i a l  Park ,  Scranton ,  PA 18512, 1975, 

S o f t  Energy P a t h s :  Towards a Durable Peace,  Amory B. Lovins. 
(Harper Row, Keystone I n d u s t r i a l  Park ,  Scranton ,  PA 18512, 1979, 
$3,95/paper . )  



S o l a r  Age Resource Book, e d i t o r s  of S o l a r  Age. 
(Everes t  House, 1133 Avenue of t h e  Americas, New York, NY 10036, 1979,  
$9.95/paper.)  

S o l a r  C e l l s  & P h o t o c e l l s ,  Rufus T. Turner .  
(Howard W. Sams & Co., I n c . ,  4300 West 62nd S t r e e t ,  I n d i a n a p o l i s ,  I N  
46206,  1980, $4.95/paper.) 

S o l a r  Energy Series,  I ,  11, 111, W i l l i a m  H. Rankins,  111, & David A. Wilson. 
(Lor ien  House, P.O. Box 1112, Black Mountain, N C  28711, 1976, $4.00.) 

S o l a r  Workbook. 
(New YorK S t a t e  Energy O f f i c e ,  2 R o c k e f e l l e r  P l a z a ,  Albany, NY 12223, 
At tn :  S o l a r  Workbook, 1980, Free.)  

Sun/Earth,  Richard Crowther. 
( S c r i b n e r  & Sons, 597 F i f t h  Avenue, New York, NY 10017, 1978, $8.95/ 
paper  1 

Sunspots ,  S t e v e  Baer. 
(Zomeworks Corp., P.O. Box 712,  Albuquerque, NM 87103, 1977 ,  $4.00/paper.)  

S u r v i v a l  Scrapbooks 1-2-3, S t e f a n  A. Szczelkun. 
(Schocken Books, I n c . ,  200 Madison Avenue, New York, NY 10016, 1973, 
$3.95/paper. ) 

V i l l a g e  Technology Handbook. 
(VITA, 3706 Rhode I s l a n d  Avenue, Mount R a i n i e r ,  MD 20822, c o n t a c t  V I T A  
f o r  p r i c e . )  

Wind & Windspinners,  Michael A. Hackleman. 
(Peace P r e s s ,  I n c . ,  3828 Willat Avenue, Culver C i t y ,  CA 90230, $8.95/ 
paper . )  

Wind Power f o w &  Small  I n d u s t r y ,  J a c k  Paar  & Dick Schwind. 
(Super in tendent  of Documents, U.S. Government P r i n t i n g  O f f i c e ,  Washington, 
DC 20402, 1978, $9.25/paper.)  

Wood Heat, John Vivian. . 
(Rodale Press, 33 East Minor S t ree t ,  Emmaus, PA 18049, 1978, $7.95/paper.)  

Books for Students 

S o l a r  Fun Book, John Bar l ing .  
(Br ick  H'ouse P u b l i s h i n g  Co., 3 Main Street ,  Andover, MA 01810, 1980, 
$7.95.) 

S o l a r  Educat ion f o r  t h e  ~ O ' S ,  Frank J e n k i n s  e t  a l .  
(J.M. L e B e l  E n t e r p r i s e s  Ltd. ,  10372-60 Avenue, Edmonton, A l b e r t a ,  Canada 
T6H 1G9, 1980, c o n t a c t  p u b l i s h e r  f o r  p r i c e s . )  

S o l a r  Energy Experiments,  Thomas W. Norton. 
(Rodale :Press, 33 East Minor S t ree t ,  Emmaus, PA 18049, 1977, $5.95.) 
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S o l a r  Energy Laboratory Manual, W. Douglas Davis. 
f \  ( C r y s t a l  Product ions ,  Box 11480, Aspen, CO 81611, 1979, $5.95.) 

S o l a r  Sc ience  P r o j e c t s ,  D. S. Halacy, Jr. 
( S c h o l a s t i c  Book Services, 50 West 44th  Street ,  New York, NY 10036, 
1974, $.85.) 

Magazines and Newsletters 

A l t e r n a t i v e  Sources  of Energy 
(107 South C e n t r a l  Avenue, Milaca,  MN 56353, $16- 5O/year.) 

Current  Energy & Ecology 
(Curriculum Innovat ions ,  I n c . ,  3500 Western Avenue, Highland Park ,  I L  
60035 , $3.95/year p e r  s t u d e n t ;  ) 

Energy & Educat ion 
( N a t i o n a l  Sc ience  Teachers A s s o c i a t i o n ,  1742 Connect icut  Avenue, 
Washington, DC 20009, f r e e . )  

Energy Consumer 
(DOE O f f i c e  of Consumer A f f a i r s ,  Room 8G082, Washington, DC 20585, 
f r e e .  ) 

Enerpy I n s i d e r  
(Mail  S top ,  8G031, Washington, DC 20585, f r e e . )  

/ \  

Harrowsmith 
(Camden House P u b l i s h e r s ,  Camden E a s t ,  O n t a r i o ,  Canada KOK 1J0, $10.001 

w 
year .  ) 

Home Enerpy Diges t  
(8009 34th  Avenue South,  Minneapol is ,  MN 55420, $7.95/year.)  

New S h e l t e r  
( R o d a l e  P r e s s ,  33 E a s t  Minor Street ,  E m m a u s ,  PA 18049, $9.00/year.)  

Popular  Sc ience  
(Box 2871, Boulder ,  CO 80302, $11.94/year.)  

S o l a r  Age 
(P.O. Box 4934, Manchester,  NH 03108, $20.00/year.)  

S o l a r  Energy Diges t  
(William B. Edmondson, Box 17776, San Diego, CA 92117, $38.00/year . )  

S o l a r  Engineer ing  Magazine 
(G.P.O., Box 1736, Brooklyn, NY 11202, $20.00/year.)  

S o l a r  Heat ing  & Cooling 
(Gordon P u b l i c a t i o n s ,  Box 2106R, 20 Community P l a c e ,  Morristown, N J  
07960, $8.00/year . )  



Resource Organizations and Agencies 

AS HRAE 
345 Eas t  47 th  S t r e e t ,  New York, NY 10017 
(Pub1ic:ations c a t a l o g  and p r i c e  l i s t )  

Brace Research I n s t i t u t e  
McDonald College of M c G i l l  U n i v e r s i t y ,  S t e .  Anne de  Bel levue,  Quebec, 
Canada 
(Do-it-yourself  p l a n s  and l e a f  l e t s )  

Center  f o r  ELenewable Resources 
1001 Connect icut  Avenue, NW, S u i t e  510 Washington, DC 20036 
(Sources of funding and e d u c a t i o n a l  m a t e r i a l s )  

Mid-America S o l a r  Energy Complex 
Alpha Elusiness Center ,  8140 26th Avenue South,  Minneapol is ,  MN 55420 

NASA 
George C. Marsha l l  F l i g h t  Center ,  AL 35812 
( S o l a r  p u b l i c a t i o n s  l i s t )  

The National- Center  f o r  Appropr ia te  Technology 
B o x  3838, Butte, MT 59701 

N a t i o n a l  S o l a r  Heat ing and Cooling Informat ion  Center  
Box 1607, R o c k v i l l e ,  MD 20850 (300-523-2929) 
(Pamphl-ets, b i b l i o g r a p h i e s ,  f a c t s h e e t s )  

N a t i o n a l  W i l d l i f e  F e d e r a t i o n  
1412 1 6 t h  S t r e e t ,  NW, Washington, DC 20036 
(Pamphl!ets , magazines , c a t a l o g s )  

New York A l l i a n c e  t o  Save Energy 
36 West: 44 th  Street, Room 709, New York, NY 10036 
  en erg)^ D i r e c t o r y  and Bibl iography)  

Nor theas t  S o l a r  Energy Center  
470 A t l a n t i c  Avenue, Boston, MA 02110 
(Brochures,  n e w s l e t t e r s ,  and cur r icu lum m a t e r i a l s )  

S o l a r  Energy Research I n s t i t u t e  
1536 Cole Blvd., Golden, CO 80401 
( S o l a r  Energy Informat ion  Locator )  

S o l a r  Lobby 
1001 Connect icut  Avenue, SW, S u i t e  510, Washington, DC 20036 
(Newsle t te rs  and brochures)  

S o l a r  Sc ience  I n d u s t r i e s  
10762 Tucker Street , Beltsvi l le ,  MD 20705 
(Catalog of s o l a r  energy books) 

Southern S o l a r  Energy Center  
6 1  Per imeter  Park ,  A t l a n t a ,  GA 30341 

. 
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Super in tendent  of Documents 
U.S. Government P r i n t i n g  O f f i c e ,  Washington, DC 20402 
( S o l a r  Energy Bibl iography SP-009) 

T o t a l  Environmental  Act ion 
Church H i l l ,  Harr isvi l le ,  NH 03450 
(Cata logs ,  books, p l a n s ,  a p p r o p r i a t e  technology workshops) 

U.S. Department of Energy 
Technica l  Informat ion  Center ,  Box 62, Oak Ridge, TN 37830 
(Books, b rochures ,  p o s t e r s ,  t e c h n i c a l  d a t a )  . 

VITA 
3706 Rhode I s l a n d  Avenue, Mount .%inier, MD 20822 
(.Simple s u r v i v a l  t e c h n o l o g i e s )  

Western S o l a r  U t i l i z a t i o n  Network 
P i o n e e r  Park  Bui ld ing ,  S u i t e  800, 715 S.W. Morrison, P o r t l a n d ,  OR 97205 

Your l o c a l  Cooperat ive Extension O f f i c e  

Your State Energy O f f i c e  

Audio-visual Materials 

Modem Talk ing  P i c t u r e  S e r v i c e  
200 L Street  NW, Washington, DC 20036; 16 Spear  S t r e e t ,  San Franc isco ,  
CA 94105 (Energy f i l m s )  

S o l a r  Lobby 
1001 Connect icut  Avenue, NW, S u i t e  510, Washington, DC 20036 
(Comprehensive energy A-V l i s t i n g ,  S o l a r  Energy Educat ion Bib l iography,  
$3.75 + 15% shipping)  

3-M Company 
V i s u a l  Products  Divis ion,+M Center ,  St. Paul ,  MN 55101 
(Energy f i l m s )  

T o t a l  Environmental  Act ion 
Church Hill, Harrisvi l le ,NH 03450 
( S o l a r  s l i d e s )  

U.S. Department of Energy Film L i b r a r y  
Box 62, Oak Ridge, TN 37830 
(Energy f i l m s )  

Zomeworks Corp. 
Box 712, Albuquerque, NM 87103 
( S o l a r  s l i d e s )  

Your l o c a l  gas o r  e l e c t r i c  u t i l i t y  

Your S t a t e  Energy O f f i c e  
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So I a r S u p p I i e rs 
n 

Cata log  of I n s t r u c t i o n a l  Materials w 
(American Assoc ia t ion  f o r  Voca t iona l  I n s t r u c t i o n a l  Materials, Engineer ing 
Cen te r ,  Athens, GA 30502.) 

Cata log  of I n s t r u c t i o n a l  Materials 
(Hobar P u b l i c a t i o n s ,  1234 T i l l e r  Lane, S t .  Pau l ,  MN 55112.) 

ED-U-SOL S o l a r  K i t s  
(Systems Using Nature ,  L td . ,  Box 230, B a l l s t o n  Lake, NY 12019.) 

Guide t o  Home Energy 
(Mother E a r t h  N e w s  & Bookstore ,  Box 70, Hendersonvi l le ,  NC 
s o l a r  and a p p r o p r i a t e  technology p l a n s  and component k i t s . )  

28791; 

Kwasnoski S o l a r  Ed K i t  
(Cooper S o l a r  D i s t .  Co., 1627 L i t c h f i e l d  Turnpike,  Woodbridge, CT 06525.) 

People ' s  S o l a r  Source Book 
( S o l a r  Usage Now, 450 East T i f f i n  Street ,  Bascom, OH 44809; s o l a r  - 

components c a t a l o g ,  $5.00.) 

S o l a r  Components 
(Zomeworks, Box 712 ,  Albuquerque, NM 87103.) 

The S o l a r  Components Book 
(So la r  Components, D i v i s i o n  of K a l w a l l  Corp., Manchester ,  NH 03105; 
s o l a r  clomponents and hardware. ) 

i 

8 
S o l a r  Shop Ca ta log  

( S o l a r  Unl imi ted ,  Inc . ,  Box 337, Clay ,  KY 42404; c a t a l o g ,  $2.00.) 

S o l a r e t t e  S o l a r  K i t  
(So la r  Heat Corp., 108 Summer Street ,  Ar l ing ton ,  MA 02174.) 

The Sotz  New.? 
(Sotz Corp., Columbia S t a t i o n ,  OH 44028; wood-burning components and 
s t o v e  equipment. ) 

Edmund S c i e n t i f i c  Co. 
Edscorp Bu i ld ing ,  Ba r r ing ton ,  N J  08007 
( s c i e n c f z / s o l a r  m a t e r i a l s )  

S m a l l  Engine D i s t r i b u t o r s  
1000 West 1 2 t h  Street ,  Kansas C i t y ,  MO 64101 
(wholesa le  s m a l l  engine  components) 

W. W. Graing,er,  Inc .  
5959 Howard Street ,  Chicago, I L  60648 
(wholesa le  energy system components) 
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