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FENG SHUI (Chinese, 6000 years oId!)YN/L((;

SOURCE: 3
R S ek Meet Our Experts e
O S Uy 6 feng shul effects of sunlight on homes

uafodts-olsuright.onhomes timl
.& ” Feng Snul | Eterg Nogedve | |

ANNKLD KH05L0 ARHUIT Rach Gour
Exposure to sun is vital ooy 0 c SR 1 -]
for living. Hence it is :
important that the house
is designed in such a ‘ *
way that it gets sufficient

sunlight or else the good
energies start to

dissipate with the

passage of time. Vastu ‘ @,
and feng shui consultant P oen e O
Rashi Gaur points out e wceas

the effects of sunlight on

the energies of the
house, the feng shui , ‘
way.

ABHISHEX SHUNLA  AMAN GANDH

AMIT SETW AT PRAKASH

In the northern hemisphere, the sun rises in the east. In the morning hours, it's the east zone of your house that gets maximum
sunshine. This is good energy, the healing energy, and every household needs it. The energy that is soaked in through sunlight
continues to stay there throughout the day. Hence it is vital to have an open zone in this area. Have windows, a balcony or garden,
anything that allows the sun to enter. If you have plants in this zone, ensure that they don't grow so tall that they start blocking the good
energy.

1. The sun moves to the South East zone from East and by afterncon, it is at its peak in the South zone. In the winter
months, when the weather is cold, it is a good idea to allow sunlight in through these zones. While summer and sunlight is
yang (positive energy) in nature, winter and night are yin (negative energy) in nature. Yang denotes life and yin denotes
death. A balance of both is vital. Just like night and day are equally important, it is important to ensure that the amount of
sunlight in the house is maintained to balance yin and yang.

2. In summer, the sun energy is anyway too strong and keeping the sun out is probably a good idea. Similarly if a room has
way too much sunlight and you tend to feel restless there all the time, you need to tone down the energy. Use curtains
and drapes as a solution.

3. If a particular room in the house gets too little or no sun at all itwould lead to dampness and stagnation. Switch on bright
lights and play music at least for a few hours each dayto create artificial yang energy here. Pets are also a great source fo
uplift energy. This way you can ensure that there is more yang energy than yin energy to maintain balance in the house.

4. Ina house where all windows are facing North, chances are that the house will have no direct sunlight and there may be
a feeling of depression, bad mood or slowdown. People in such houses could face many problems in life. So it is vital to
create parallel sources of light. Try and see if provision can be made for a skylight in the East, North East or South East. If
skylight is not possible, see if a real fireplace can be placed . Adding candles and other sources of artificial lighting will
also help.

5. If the longer length of your home faces east or west, chances are you will have most windows or openings there. Sunrise

will energize your life helping you with new beginnings and getting you new projects. That's why east facing hou re <
always preferred. Sunset will make you more mellow and romantic. So a relaxation room with windows in the “E/ ld” )
be a good choice. \
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JAPAN

(recently)

E | N H A B I TAT NEWS DESIGN LIFESTYLE ENVIRONMENT

Cocage: Japanese Stepped Mountain Home Incorporates Light, Wind, Water & Shadows

E 08/15/2011
: by Bridgette Meinhold
3

Forprt fshre Wiweat P pin » PAUSE SLIDESHOW

https://inhabitat.com/cocage-stepped-mountain-home-

incorporates-light-wind-water-shadows/volumesmy-
booksuppose kochitiff 16-suu8806-tif/
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RECALL lecture on CH 9, 10 PASSIVE Cooling & Shading (pdf mp4 a b)
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JT Wunderlich 1984,85 “Project Manager” / Architectural-Designer
West Lake Oaks Office Park (13 buildings)
Doerring Development Company

Austin TX Need Low-e Glass in
| places that get very
hot for long periods
of time, like Texas
and California

JT Wunderlich PhD

JT Wunderlich 1985,86 “Director of Projects” / Architectural Designer
High-tech office complex in San Diego CA
JDC inc (Development Company), La Jolla CA

* On Architectural Design Team
(as Owner’s Representative )

+ Added significant Architectural Design

* Project nominated for annual
San Diego “Orchid Award”

| selected and ordered
Sl,ZO0,000 (in 2020 dollars)
of “Ford Reflective Blue
Glass” for this building
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SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/1

Lighting by use of natural sunlight-DAYLIGHTING :
The daylight factor

From a subjective perspective, the following user responses to daylight
factors have been suggested:

« With a DF of less than 2%, a room will seem gloomy. Electric
lighting will be required for most of the daylight hours.

«  With a DF between 2% and 5%, a room will feel that it is daylit,
although supplementary electric lighting may be needed.

«  With a DF greater than 5%, a room will feel vigorously daylit.

Depending upon the task at hand, electric lighting may not be
necessary during daylight hours.

2.5a *

Cross section showing lighting distribution from a single-sided window

/| A,
QA N
IR

[ )
< )

N

JT Wunderlich PhD


https://www.slideshare.net/pathyapustak/light-and-architecture/1

Recall Lecture: CH 5,11 Climate&Site-Design

Rui D, O erbTle S

v . ' YL GHT , ENASLEST
SooTht \WEESSRy IS T T T
Hogris  BesT By o oA, A— DA/

e Wik TIrG, BOT Low
—  IWTEXS T GuT
NCE MBRWING Sun), 80T

st  Miex Sodser, BuT CAN
wies SEMOUSLY @\fiwﬁ-WT M ousE

e BLeme.
5\“\]L\ANT$ L P&Q : SU\’) \YST‘QAQT‘/ 44’

: s LEAE (R
SoLv TioM 4 %L\ ADS
RECALL lectureon CH 9, 10

PASSIVE Cooling & Shading
(pdf mp4.a b)

JT Wunderlich PhD


http://users.etown.edu/w/wunderjt/Architecture%20Lectures/BOOKSTORE%205%20EGR343_Green_Arch_Engr_CH_5_11_LECTURE_Weather_and_Design_for_Site_MERGED%20.pdf
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/BOOKSTORE%209%20EGR343_Green_Arch_Engr_CH_9_10_LECTURE_Shading_and_Passive_Cooling.pdf
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/BOOKSTORE%209%20EGR343_Green_Arch_Engr_CH_9_10_LECTURE_Shading_and_Passive_Cooling%20PART1.mp4
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/

WoLl o 4g LWRT DEEF 1t
| =20 \LOnt

ﬂ ' A
I}WQ (D MAF Sueshee AEEA SHAPES (é}i’}"?ﬁ’zm

Common building —_ B;ﬂ E} M [uJ]
footprints prior to 20t , 'y 7 ,
pue s

D
century — for MAX Daylight °’“"M'1T@ oG s
and VENTILATION e B P

@ cor j‘“{gﬂx’:’gﬁfumrﬁ% , Us¥

« SENVLRT S
o L\GLWT— TuLees y
o LA TP \d OO

o LAGWT \'6Cp°?§ / )
e oA LA & )

@ Thu Carunes , TR RI1ROoIS
i B DISTRBUTE HINOoKS ENENLY

L\GRT— doLoRED WAus LLosE T
) 1:D8s TD CHANKNEL LIART

TRAMN SLug g T DRARES

JT Wunderlich PhD

CHOMMEC LIGRT LT OReh s
LovNeELs (014 b AW DS, Wd.-)
—» YN TMAM BLIHOZS
STt LAWT  ed bl T BSEST LY IVE
VADe bl £t g (oR EvEN "Ligur s/arweé)

- ALASS FlLoskrS

\\\\‘ /7
S
£
o i SN

/ @ NeEL1oSTAT ’/f(‘ﬁ ﬂ

-—v&nﬁ D)5 cor et ;

\ Yarar A |
awT ;. 01 g&%ﬂeﬂ ®,>>fw




— L\ Ke TENTS 3
B2 puensten ;P AL

M) TRANSLYSLE NT  MWALLS MINDS I S ‘YJ/EA@{‘
i
)

https://www.tripadvisor.com/Attraction Review-g52970-d4115576-Reviews-
Park City Center-Lancaster Lancaster County Pennsylvania.html HEATING. = ==

JT Wunderlich PhD


https://www.tripadvisor.com/Attraction_Review-g52970-d4115576-Reviews-Park_City_Center-Lancaster_Lancaster_County_Pennsylvania.html

MIX OF NATURAL & ARTIFICIAL

l {’e—_;{)\,f-'; Foudhl Rt OISt PR TR Y

l ) SPAT R O (A T2

(e T\ % e
\

- \ | € ¢ ;% )‘//\ ,
“\ FQQL-N\ A Df v IR = ‘ "

B> PeTInT! BHEAREMEAT

T) ORcl L PrSOPNL SPATH
‘,é\/’ M&Pf% NES S (Lo NaeA A7V a7 )

(& RGAL on SiMu L TaLD
D \15u AL DINRRS | 7oy NEROS

»:‘\A"‘”\

- ) )

7> ) n e o
— - . 1)
q ) <, Gl LT
— |
(/) L\ by T PowT ey

* VPN /) VPSR

* SoprLiy 9T 6 A STTLEAM

- oL TN e 5
- ? L-&.) t—:\‘ - (I', 'y

- P C.VM( > g /

¥ s
| el 73

- '»_.»; (./ L 1o
3 C}{ /= -} ‘,) C-‘ \ ) g \ , e —f --)- rL' o
- >~ Y PTG G

@ CoM®Ir b SoLy. - I~ (P4
\»JMLL G, [ = Cototd 16

|Z.) M AKX o 2 I [\
& WIRAITMoem STt O/ , COOLING,

5w ITH

JT Wunderlich PhD




MIX OF NATURAL & ARTIFICIAL

llluminating Engineering Society (IES) Lighting
handbook, 10th edition, 2011

Purchased for Elizabethtown
College Library to compliment J
Wunderlich Lighting Design
lecture series in ERG/ART499A&B
Architecture Studio | & II, 2018

IES Lighting
Handbook

$595.00
Techstreet Online ...
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CASE STUDY:

ART GALLERIES
MIX OF NATURAL & ARTIFICIAL

Synthesized by J Wunderlich,
from Chapters 11 to 16, and 21

1. Lighting is for artwork more than observer

2. Use northern sunlight, including from north-facing skylights, to provide evenly
distributed soft light, free of glare

3. Don’t allow direct sunlight on art (to prevent damage)

4. Fill space with daylight without damaging art, then highlight art only as needed.
This provides high-quality light, and energy efficiency, and earn LEED points

5. Control magnitude and spectra (intensity of light over a range of energies) of all
light on art, to prevent damage

6. Consider thermal effects of light on art

7. ldentify art as “high”, “low”, or “no” sensitivity; Then control light accordingly

8. Use only “subtle” or “soft” accent lighting on art

9. Accent lighting not on art, But to provide way-finding, and highlight architecture

10. Minimize impact on gallery from adjacent high-illuminance spaces such as
hallways, lobbies, and restrooms. If necessary, use a “Light Lock” (a vestibule to

separate transition space, like in a theater)

11. Use low reflectance ceilings, walls, and floors in low-illuminance gallery; and in
adjacent high-illuminance spaces

12. Use indirect lighting to enhance ambient light, and provide way-finding anc[

highlighted architecture; Using wall-sconces, pendants, chandeliers, up- Ilghtlng 4

T Wuhaérnch PD



CASE STUDIES:
ART GALLERIES

MIX OF NATURAL & ARTIFICIAL LIGHTING

Venice

http://admore.it/2013/02/10/waiting—the—Ve N |C€'a rt' b | enna |-20 1 3/
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http://admore.it/2013/02/10/waiting-the-venice-art-biennal-2013/

CASE STUDIES:
ART GALLERIES

MIX OF NATURAL & ARTIFICIAL LIGHTING

Venice

https://www.artsy.net/artwork/carla—chaim—p o | eCt‘tO‘ Fes | Ze‘t h e-room
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https://www.artsy.net/artwork/carla-chaim-project-to-resize-the-room

CASE STUDIES:
ART GALLERIES

MIX OF NATURAL & ARTIFICIAL LIGHTING
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http://www.karenlamonte.com/keyword/Venice/

CASE STUDIES:
ART GALLERIES

MIX OF NATURAL & ARTIFICIAL LIGHTING

Venice

http://www.elIeuk.com/life-and-culture/articles/g31780/six-best-art-Ve n ice' b | ennada I e-ZO 1 7/
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http://www.elleuk.com/life-and-culture/articles/g31780/six-best-art-venice-biennale-2017/

CASE STUDIES:
ART GALLERIES

MIX OF NATURAL & ARTIFICIAL LIGHTING
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https://www.tripsavvy.com/top-venice-museums-1548030

CASE STUDIES:
ART GALLERIES

MIX OF NATURAL & ARTIFICIAL LIGHTING

Venice

https://www.venetoinside.com/a tt ra Ct| on 't| C kEtS'i n-ven EtO/tickets/correr-museum/
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https://www.venetoinside.com/attraction-tickets-in-veneto/tickets/correr-museum/

et CASE STUDIES:
ART GALLERIES

MIX OF NATURAL & ARTIFICIAL LIGHTING
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http://www.europeanbestcities.com/venice-art-museums.html

Source:
https://www.slideshare.net/PaulaMcHugh/

architectural-color-
and-light-questions-
to-consider

1. NATURAL LIGHT

What path does your eye take throughout the room?
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https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider

2. THE AFFECT OF COLOR & LIGHTING

How would you describe the interplay of color and lighting in these environments?

Slide Source: https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider
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https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider

3. WALL PAINT COLOR

How does wall color set the mood?

Slide Source: https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider
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https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider

4. COLORED LIGHT

What can create ambiance in a simple space?

Slide Source: https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider
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https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider

r~1

5. COLOR & EMOTION

How would you describe the color red?

Slide Source: https: sli . i i uestions-to-consider
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https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider

6. COLOR & EMOTION

If blue is a bus, where does it take you?

Slide Source: https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider
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https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider

/. COLOR & EMOTION

How would you bring in “a breath of fresh air without opening a window?”

Slide Source: https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider
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https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider

8. COLOR & EMOTION

If yellow’s a song, what are the words?

Slide Source: https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider
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https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider

9. TIMELESS COLOR TRENDS

What light is right in an all-white room?

Slide Source: https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider
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https://www.slideshare.net/PaulaMcHugh/architectural-color-and-light-questions-to-consider

SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/:

Forming functional zones: Distinct contrasts between individual zones and their
surroundings remove them from their spatial context.
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https://www.slideshare.net/pathyapustak/light-and-architecture/1

SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/1

Forming spatial borders:

a)Vertical:

Vertical spatial borders are emphasized
by illuminating wall surfaces.

Uniform light distribution emphasizes the
wall as a whole.

Bright walls create a high level of diffuse
light in the room.

Vertical illumination is used to shape the
visual environment.

Room surfaces can be differentiated

using different levels of illuminance to
indicate their importance.

Uniform illumination of the surfaces
emphasizes them as an architectural
feature.
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https://www.slideshare.net/pathyapustak/light-and-architecture/1

SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/:

Forming spatial borders:

a)Vertical:

Grazing light gives the wall structure by
adding patterns of light.

A decreasing level of brightness across a
wall is not as effective as uniform wall
washing at defining room surfaces.
Lighting effects using grazing light
emphasis the surface textures and
become the dominant feature.

-

JT Wunderlich PhD


https://www.slideshare.net/pathyapustak/light-and-architecture/1

SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/1

Forming spatial borders:

a)Vertical:

Living Room
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https://www.slideshare.net/pathyapustak/light-and-architecture/1

SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/:

Forming spatial borders:

b) Horizontal

Floor illumination
emphasizes objects and
pedestrian surfaces.

floor lit with dow IH.I.\"""?Y fixtures

Indirect lighting of a ceiling
creates diffuse light in the
room with the lighting
effect being influenced by
the reflectance and color
of its surface

celiing uniformiy it wiith u{u"r;_"',‘
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SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/1

Forming spatial borders:

b) Horizontal
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https://www.slideshare.net/pathyapustak/light-and-architecture/1

SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/1

Emphasizing architectural feature:

Grazing light accentuates individual
elements or areas and brings out their
form and surface texture.

Grazing light can cause highly three-
dimensional features to cast strong
shadows.

By using different levels of illuminance,
different parts of a room can be placed
in a visual hierarchy.
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https://www.slideshare.net/pathyapustak/light-and-architecture/1

SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/1

Layout and Pattern :

a) For clarity
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https://www.slideshare.net/pathyapustak/light-and-architecture/1

SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/1

Layout and Pattern :

b) For architectural Relationship:
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https://www.slideshare.net/pathyapustak/light-and-architecture/1

SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/1

Layout and Pattern :

c¢) For function
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https://www.slideshare.net/pathyapustak/light-and-architecture/1

CASE STUDY: @ % @
THEATRE DESIGN @ @ |

SOURCE: https://www.slideshare.net/pathyapustak
/light-and-architecture/1

Lightning for stages and theatres:
Luminance contrast between the object and the surroundings

Beam spread of the luminaires — polar curve
Type of the lamp

Position or location of projectors
Background luminance

Nature of surface to be lit

Atmospheric losses

Maintenance factor

Glare

JT Wunderlich PhD
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Architectural Lighting

aVXoOuzGAOI

WATCH: https://www.youtube.com/watch?v
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https://www.youtube.com/watch?v=aVXoOuzGA0I

Architectural Lighting Nighttime Lighting

WATCH: https://www.youtube.com/watch?v=s|EVHTzZAXhE

Exterior Lighting Concepts (An Architect's Guide)

11,372 views il 56 &l 7 & SHARE =i
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https://www.youtube.com/watch?v=slEvHTzAXhE

Color Temperature

Warm White Cool White
_ e
b TR

v v v
2000-3000K 3100-4500K 4600-6500K
2000K - 3000K 3100K - 4500K 4600K - 6500K
Warm White Cool White Daylight
Cozy, calm, inviting, intimate Bright, vibrant Crisp, invigorating

Living room, kitchens,

bedrooms, bathrooms, Basements, Display areas,
restaurant/commercial garages, work environments, security lighting, garages,
‘ambient lighting, decorative task lighting, bathrooms task lighting

outdoor lighting
Source: http://www.westinghouselighting.com/cO I O r‘te m D e rat U re.aspx
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http://www.westinghouselighting.com/color-temperature.aspx

Color Temperature @@%@@@

Basic LED Reference Example Kelvin Color Temperature Scale Chart

10,000K |
— ‘ 10,000K +: Blue Sky

9,000K

5700K 8,000K
7,000K f—-z«nwzswmc«nwwu
4000K 1l
6,000K
= | 6,000K: Cloudy Sky
5,000K — 5,500K-6,000K:Day White
3500K — 4,800K: Direct Sunlight
4,000K | 4,000K-4,5000K: Natural White
r o 4,000K: Clear Metal Halide
3000K 3,000 3,000K: 100W Halogen
o e 2,800K: 100W Incandescent
— 2,700K-3,200K: Warm Whi
ZOOOK ZJGMHJ:Wu:n
1,900K: Candle

Source: https://ledcorporations.com/kelvin-aka-cct-correlated-color-temperature/

7000K

[
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™
—
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https://ledcorporations.com/kelvin-aka-cct-correlated-color-temperature/

Color Temperature @@@@

Source: https://www.pinterest.com.au/pin/392446555010416740/
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https://www.pinterest.com.au/pin/392446555010416740/

S

3

3

400 450 500 550 600 650 700
Wavelength (Nanometers)

Radiant Power (microwatts/10 nm/lumen)

https://www.homepower.com/articles/home-efficiency/equipment-products/C h 00S | n g' ng ht' I |g ht/

)
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https://www.homepower.com/articles/home-efficiency/equipment-products/choosing-right-light/
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi0seP8gdPaAhVhdt8KHT-IBxkQjRx6BAgAEAU&url=https://www.shutterstock.com/search/color+temperature+chart&psig=AOvVaw1DydsDTV0cPCKl64Se-P5C&ust=1524660959711457
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi0seP8gdPaAhVhdt8KHT-IBxkQjRx6BAgAEAU&url=https://www.shutterstock.com/search/color+temperature+chart&psig=AOvVaw1DydsDTV0cPCKl64Se-P5C&ust=1524660959711457

Color Rendering Index (CRI)

Quality of Light Source in how it makes an object’s color APPEAR;
Scale: 0to 100

DAYLIGHT. High power at all wavelengths ("full color spectrum");
highest level of color rendering across the spectrum. CRI =100

380 430 580 820 780
Wawelength (nm}

http://lukeskatt.com/div-SUNTight-simulator-light-therapy.-su-
spectrumg

/| A,
AW

o 1

[ 19) )
J )
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http://lukeskaff.com/diy-sunlight-simulator-light-therapy-full-spectrum/

Color Rendering Index (CRI)

Quality of Light Source in how it makes an object’s color APPEAR;
Scale: 0 to 100

Let’s learn a little bit about
additive and subtractive color
before we go into color rendering

JT Wunderlich PhD



Excerpt from J Wunderlich Lecture: “Color-Physics/Display-Tech”

GREEN  YELLOW

BLUE MAGENTA

RED GREEN BLUE

If the visible portion of the light spectrum is divided into thirds, the predominant colors are red, green and blue.
These three colors are considered the primary colors of the visible light spectrum.

Primary colors can be arranged in a circle, commonly refered to as a color wheel. Red, green and blue (RGB)
form a triangle on the color wheel. In between the primary colors are the secondary colors, cyan, magenta and

yellow (CMY), which form another triangle.

JT Wunderlich PhD


https://www.rgbworld.com/color.html
https://www.rgbworld.com/color#primary
https://www.rgbworld.com/color#add
https://www.rgbworld.com/color#subtract
https://www.youtube.com/watch?v=QZhXzgw-Qf0
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2021%20BOOKSTORE%20Understanding%20Color%20highlighted%20plus%20Displays%20IN%20COLOR.pptx

The media and methods used to reproduce color include color paintings, printing presses, color film, color
monitors, color printers, etc. There are only two basic ways, however, of reproducing color... additive and
subtractive.

Additive Color System (RGB) (back to top)

G+B LIGHT « CYAN A+B LIGHT « MAGENTA GeR LIGHT « YELLOW

The additive color system involves light emitted directly from a source, before an object reflects the light. The
additive reproduction process mixes various amounts of red, green and blue light to produce other colors.
Combining one of these additive primary colors with another produces the additive secondary colors cyan,
magenta, yellow. Combining all three primary colors produces white.

COMPUTER MONITORS:

Television and computer monitors create color using the primary colors of light. Each pixel on a monitor screen
starts out as black. When the red, green and blue phosphors of a pixel are illuminated simultaneously, that pixel
becomes white. This phenomenon is called additive color.

To illustrate additive color, imagine three spotlights, one red, one green and one blue
focused from the back of an ice arena on skaters in an ice show. Where the blue and
green spotlights overlap, the color cyan is produced; where the blue and red
spotlights overlap, the color magenta is produced; where the red and green spotlights
overlap the color yellow is produced. When added together, red, green and blue lights
produce what we perceive as white light.

As mentioned before, television screens and computer monitors are examples of systems that use additive color.
Thousands of red, green and blue phosphor dots make up the images on video monitors. The phosphor dots emit
light when activated electronically, and it is the combination of different intensities of red, green and blue
phosphor dots that produces all the colors on a video monitor. Because the dots are so small and close together,
we do not see them individually, but see the colors formed by the mixture of light. Colors often vary from one
monitor to another. This is not new information to anyone who has visited an electronics store with various
brands of televisions on display. Also, colors on monitors change over time. Currently, there are no color
standards for the phosphors used in manufacturing monitors for the graphics arts industry.

All image capture devices utilize ~ Additive color

JT Wunderlich PhD



https://www.rgbworld.com/color#top

Subractive Color System (CMY) (back to top)

" An object appears white because all
m—- portions of white ight illuminating it

are reflected back to the viewer.

Photoaraphs, maaazines and other objects of nature such as an apple; create color by subtractina or absorbing
certain wavelengths of color while reflecting other wavelengths back to the viewer.

A red apple is a good example of subtractive color; the apple has no light energy of its
own, it merely reflects the wavelenaths of white light that cause us to see red and absorbs most of the other
wavelengths which evokes the sensation of red. The viewer (or detector) can be the human eye, film in a camera
or a light-sensing instrument.

The subtractive color system involves colorants and reflected light. Subtractive color starts with an object (often
a substrate such as paper or canvas) that reflects light and uses colorants (such as piaments or dyes) to subtract
portions of the white light illuminating an object to produce other colors. If an object reflects all the white light
back to the viewer, it appears white. If an object absorbs (subtracts) all the light illuminating it, no light is
reflected back to the viewer and it appears black. It is the subtractive process that allows everyday objects
around us to show color.

Color paintings, color photography and all color printing processes use the subtractive process to reproduce
color. In these cases, the reflective substrate is canvas (paintings) or paper (photographs, prints), which is
usually white.

COMPUTER PRINTERS use Red, Green, and Blue ink, but also Black because:

In theory, an overprint of all three process colors absorbs

all portions of white light and produces the appearance
& of black. In realty, a muddy brown is produced. For this

reason, black 1s used as a fourth printing ink

C+Me+Y «BLACK

Printing presses use color inks that act as filters and subtract portions of the white light striking the image on
paper to produce other colors. Printing inks are transparent, which allows light to pass throuah to and reflect off
of the paper base. It is the paper that reflects any unabsorbed light back to the viewer. The offset printing
process uses cyan, magenta and yellow (CMY) process color inks and a fourth ink, black. The black printing
ink is designated K to avoid confusion with B for blue. Overprinting one transparent printing ink with another
produces the subtractive secondary colors red, green, and blue

The illustrations below show process inks printed on white paper. Each process printing ink (cyan, magenta,

yellow) absorbs or subtracts certain portions of white light and reflects other portions back to the viewer.
Process printing inks are transparent. It is the paper that reflects unabsorbed light back to the viewer.

JT Wunderlich PhD


https://www.rgbworld.com/color#top

W W\
@ CIQ

Ink Color Absorbs Reflects Appears
(& Red light Green and Blue lighe Cyan

M Green light Red and Blue light Magenta
Y Blue light Red and Green light Yellow
M+Y Green & Blue light Red light Red
C+Y Red and Blue light Green lighe Green
C+M Red and Green light Blue light Blue

To be reproducible on press, an original color image, such as a photograph, must first be converted into a
pattern of small dots for each of the four colors (CMYK). When printed with ink on paper, the small dots fool
the eye and give the visual appearance of the original Image.

To summarize: Subtractive color involves colorants and reflected light. It uses cyan, magenta and yellow
pigments or dyes to subtract portions of white light illuminating an object to produce other colors. When
combined in equal amounts, pure subtractive primary colors produce the appearance of black.

Computer Monitors

and some advice on making design decisions
J. Wunderlich PhD

PHYSICS:
Recall additive and subtractive colors from previous lecture, and watch this video: http://www.youtube.com/watch?v=Er7CM_RNFZ4

Computer Monitors use additive color mixing, and RGB (Red Green Blue) Hexadecimal (Base 16) numbers to specify the mixing. Each
Hexadecimal number for each color is two Hex digits (00 to FF), representing 0 to 255 in Decimal (Base 10) or 0000 t01111 in Binary
(Base 2):

Hexadecimal Decimal Binary
(Base 16) (Base 10) (Base 2)
11111111, 00000000,
#FFOO0O00 RGB (255, 0, 0) 00000000
11111111,011111113,
00000000
#FFFFOO RGB (255, 255, 0) 11111111, 11111111,
00000000
00000000, 11111111,
#000OFF RGB (0, 0, 255) 00000000
#4B0082 RGB (75, 0, 130) 00000000, 00000000,
11111111
#8FOOFF RGB (143, 0, 255) 00101101, 00000000,
01000010
Image from: http://suddenwhims.com/wp-content/uploads/2012/10/rainbow-hex-rgb.png 01001111, 00000000,
11111111
/]
d
[\
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http://www.youtube.com/watch?v=Er7CM_RNFZ4
http://suddenwhims.com/wp-content/uploads/2012/10/rainbow-hex-rgb.png
http://www.youtube.com/watch?v=0Las85s-LYM
http://www.youtube.com/watch?v=Y_F7acYIxhw

Quality of Light Source in how it makes an
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object’s color APPEAR; Scale: 0 to 100 @
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Color Rendering Index (CRI)
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Quality of Light Source in how it makes an @
object’s color APPEAR; Scale: 0 to 100

Fixture hase

llast ™

" Ba

\
by Tube socket
' . Starter
~ =
it otd
L

“cooL-WHITE FLUORESCENT” with a CRI = 98, Temp=5000K
No low points in the curve close to zero power.

Spectral Power Distribution ~TL950

Wavelength (Nanometers)

Philips
JT Wunderlich PhD https://www.topbulb.com/color-rendering-index
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Quality of Light Source in how it makes an
object’s color APPEAR; Scale: 0 to 100

Color Rendering Index (CRI) @@%@@@

2700K CRI 100 2700K CRI 90 2700K CRI 80 2700K CRI70

http://www.westinghouselighting.com/lighting-education/color-rendering-index-cri.aspx
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Quality of Light Source in how it makes an
object’s color APPEAR; Scale: 0 to 100

Color Rendering Index (CRI) @@%@@@
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http://www.tesengineering.com/color-rendering-index-across-a-spectrum-of-options/
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Quality of Light Source in how it makes an
object’s color APPEAR; Scale: 0 to 100

Color Rendering Index (CRI) @@%@@@

HALOGEN is often the best choice for Artwork

- It adds a special “sparkle”

e I
Y/
https://www.youtube.com/watch?v=aVXoOuzGAOI
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https://www.youtube.com/watch?v=aVXoOuzGA0I

Quality of Light Source in how it makes an
object’s color APPEAR; Scale: 0 to 100

Color Rendering Index (CRI) @@%@@@
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LED’s are improving, but not yet replacing Halogen everywhere for
lighting Artwork

Gallery installation photograph of the exhibition, In Search of Biblical Lands, the first Getty Museum exhibition ta
substitute halogen lighting with LEDs.

™,

4
http://www.getty.edu/conservation/our_projects/science/lighting/case.html
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Color Rendering Index (CRI)

Quality of Light Source in how it makes an {
object’s color APPEAR; Scale: 0 to 100
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Sponsored § T8 LED Light Fixture -2FT 1680Ilm Airand 5000K LED Ceiling Light TALOYA Flush Mount 12 Inch Ceiling
LUKASUMI LED Outdoor String 14W Under Cabinet Lighting, 6500k Fixture, 2FT IP66 Waterproof LED Light (Milk White Shell), 20W Surface
Lights, 52FT Commercial Grade White, Ceiling and Utility Shop Light,  Tube Light, LED Garage Light for Mount LED Light Fixture for Bedroom
Waterproof Plastics Edison Vintage Corded Electric with Built-in ON/Of...  Bathroom, Kitchen, Corridor, Garag... Kitchen,3 Color Temperatures in...
Bulbs, Hanging Strand for Patio... e fr i ¥y v 1,368 i W W ¥y ¥ 604 Wiy v 2,046
RfRw. 19 $2899 ($14.50/Count) $46:99 $2999 $3298
$3777 prime Get it as soon as Wed, Nov 4 prime Get it as soon as Tue, Nov 3 prime Get it as soon as Tue, Nov 3
Save $3.00 with coupon FREE Shipping by Amazon FREE Shipping by Amazon FREE Shipping by Amazon

prime Get it as soon as Tue, Nov 3 More Buying Choices More Buying Choices
FREE Shipping by Amazon $27.92 (3 used & new offers) $26.99 (3 used & new offers)

LED’s are improving, but not yet replacing Halogen everywhere for
lighting Artwork
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Light Output/Lumens
Measures light output. The higher the
number, the more light is emitted.

Reported as “Total Integrated Flux (Lumens)® on
LM-79 test report.

Watts

Measures energy required to light

the product. The lower the wattage, the
less energy used.

Reported as “Input Power (Watts)" on LM-79 report.

Lumens per

Watt/Efficacy
Measures efficiency. The higher the
number, the more efficient the product.

Reported as “Efficacy” on LM-79 test report.

Label on Box

Lighting Facts™

LED Product

Color Rendering Index (CRI)

leLight Output (Lumens) 840
oWatts 9
leLumens per Watt (Efficacy) 93
Color Accurecy 87 e— Color Rendering

Index (CRI)
Measures color accuracy.

Light Color
Correlated Color Temperature (CCT)

Warm White Daylight

2600K 3200K

Bright White

4500K

Al results are according to IESNA LM-79-2008: Approved Method for the Electrical
and Photometric Testing of Solid-State Lighting.

3100 (Warm White)

6500K

Visit www.lighting-facts.com for the Label Reference Guide.

Color rendition is the effect of the lamp's light
spectrum on the color appearance of objects.

Correlated Color
Temperature (CCT)
Measures light color.

“Cool” colors have higher Kelvin temperatures
(3600-5500 K); “warm" colors have lower
color temperatures (2700-3500 K).

IESNA LM-79-2008
Industry standardized test procedure that

measures performance qualities of LED luminaires
and integral lamps. It allows for a true comparison
of luminaires regardless of the light source.

https://www.google.com/search?g=Daylight+bulb+CRI&source=Inms&tbm=isch&sa=X&ved=0ahUKEwiRu7_ujdPaAhVghuAKHWUWATAQ_AUICygC&biw=1024&bih=1163#imgrc=GDysS2Z4DvvdIM:
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Eé?q?ﬁ% & CH 14 Electric Lighting
- fally

VISIBLE LIGHT is part of Electromagnetic (EM) Spectrum of WAVES
Which interact with matter like particles (PHOTONS)
with “Effective Mass”
see Dr. W Active Solar lecture (PV PhotoVoltaics part)
PPTX-w/audio PDF MP4

VISIBLE LIGHT is in a range of wavelengths directly related to the \_J\*&{
temperature of our sun (i.e. humans have adapted to its star) % 3
e
VISABLE LIGHT vs. THERMAL RADIATION (HEAT)
* See Dr W lecture on A&E Thermodynamics: PDF

The range of wavelengths of thermal radiation includes visible light, however
we’re most concerned with the heat loss associated with the infrared
wavelengths outside of the range of visible light

e This is where we do THERMAL IMAGING to measure HEAT LOSS
[ [Microwaves |

;
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http://users.etown.edu/w/wunderjt/Architecture%20Lectures/BOOKSTORE%208%20EGR343_Green_Arch_Engr_CH_8_LECTURE_Active_Solar_Designs.pptx
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/BOOKSTORE%208%20EGR343_Green_Arch_Engr_CH_8_LECTURE_Active_Solar_Designs.pdf
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/BOOKSTORE%208%20EGR343_Green_Arch_Engr_CH_8_LECTURE_Active_Solar_Designs.mp4
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/BOOKSTORE%203%20EGR343_Green_Arch_Engr_CH_3_LECTURE_Thermodynamics.pdf
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LED’s (Light Emitting Diodes) @@
+ EFFICACY = Wide Range, from good to great!

+ LIFE = 10,000 to 50,000 HOURS !
+ Great Control of Light Qualities

Incandescent
Bare Lamp or LED Package

Luminaire®
Halogen

* Includes integrated LED
lamps and LED lum naires

Compact Fluorescent (CFL)

Linear Fluorescent
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https://www.researchgate.net/figure/Range-of-efficacy-for-various-light-sources figl 262851515
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https://www.researchgate.net/figure/Range-of-efficacy-for-various-light-sources_fig1_262851515

LIGHTING

Co0LNG. = Light Distribution @@%@@@
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https://www.dmlights.com/blog/interpret-light-distribution-curve/
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~ Reduce glare with:

=

- DIFFUSERS (lenses on fixtures)

- LAMPSHADES
- WALL & CEILING COLORS/TEXTURES
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Analogous to the LIGHTING RATIO in photography:

https://nofilmschool.com/2017/05/understanding-lighting-ratios-what-are-they-and-why-do-they-matter
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https://nofilmschool.com/2017/05/understanding-lighting-ratios-what-are-they-and-why-do-they-matter

ENERGY USE and PRODUCTION } Q @@%@

In UNITED STATES:
https://www.Eia.gOV/eIectricity/data/browser/

Figure 3: Lighting in the commercial sector has decreased as a share of

total major fuel consumption -
eia’

space heating, 36% —

space heating, 25%

lighting, 21% Due to great
innovations in the
US and elsewhere
,u—|:|1r'.er_ 12% /
other, 9% —, lighting, 10%
cooling, 8% / _~— ventilation, 10%
water heating, 5% . refrigeration, 10%
ventilation, 7% c-:u::-l:r:g“ 9%

refrigeration, 6% — ' water heating, 7%

o m s Lo i oy OB
- RING, 2

2003 2012

When considering just electricity usage in commercial buildings, lighting accounted for 17% of electricity consumption in
commercial buildings in 2012 (Figure 4), down from 38% in 2003. However, lighting remains one of the largest end uses of
electricity, second only to the broad category of other electricity end uses. The Other category of electricity uses includes
miscellaneous electric loads (MELs), process equipment, motors, and air compressars.
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https://www.eia.gov/electricity/data/browser/
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U. S. ENERGY USE (not just electrical) in 2019:

Buildings (39.3%)
Transportation,
28.2%

Industrial,
32.4%

Part in Buildings

http://css.umich.edu/factsheets/us-energy-system-factsheet
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http://css.umich.edu/factsheets/us-energy-system-factsheet
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U. S. ENERGY PRODUCTION (not just eledctrical) in 2019:

https://www.Eia.gOV/eIectricity/data/browser/

+ Learn About Energy  + Mews

i 1.S. Energy Information
e a. \clrmmm 1on + Sources & Uses + Topics + Geography l:l

< ELECTRICITY DATA

ELECTRICITY DATA BROWSER

Explore the new Beta version with expanded plant level data for water cooling and emissions.

Change data set View a pre-generated report

OR
Net generation j Choose a report \ j

Net generation, United States, all sectors, monthly

thousand megawatthours
500,000

0\ DOWNLOAD

400,000
300,000

200,000
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2002 2004 2008 2008 20 10 2[]1 2 20 14 20 16 2018 2020
— all fuels (utility-scale) — coal — natural gas nuclear — conventional hydroelectric — wind all solar
e]Ef‘ Source: U.S. Energy Information Administration
CHART INDEXING OPTIONS: m Index to start as percent Index to start as value We can do m UCh
better than this !!

— allfuels {utlty-scale) — coal — natural gas — nuclear — conventional hydroelectric — wind — All solar

JT Wunderlich PhD


https://www.eia.gov/electricity/data/browser/

GERMANY ENERGY USE (not just electrical) in 2019:

Economic growth, power & energy consumption, GHG emissions
1990 - 2019.

Data: BMWi 2020, UBA 2020.

.. Gross domestic

- product (GDP)
O
130.0%
110.0%
3 'y AN
N 5.2 %1% / .\\ . 7
90.0% : \/\,,,/_"\
aes ' e Primary energy
—~———— consumption
70.0% 1
‘** Greenhouse gas
emissions
50.0%

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

https://www.cleanenergywire.org/factsheets/
germanvs-energv-consumption-

and-power-mix-charts
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https://www.cleanenergywire.org/factsheets/germanys-energy-consumption-and-power-mix-charts

GERMANY ENERGY PRODUCTION in 2019:

- - - CL
Installed net power generation capacity in GermaQy 2002 - 2019. _-
Data: Fraunhofer ISE 2019. m
Biomass
200 | Hydro power
Solar
150 Wind offshore
., Wind onshore
100
oit
Natural gas
50
il Hard coal
d Lignite
0N Nuclear powe
0 U power

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

https://www.cleanenergywire.org/factsheets/
germanvs-energv-consumption-

and-power-mix-charts
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https://www.cleanenergywire.org/factsheets/germanys-energy-consumption-and-power-mix-charts

GERMANY ENERGY PRODUCTION in 2019:

Gross power production in Germany 1990 - 2019, by source.
Data: AG Energiebilanzen 2019, data preliminary.

Power generation in tegawatt hours (TWh)

2826 penewables

oil

13

Hard coal
Lignite
* Without power generation from pumped storage. @ BYSA4.0
https://www.cleanenergywire.org/factsheets/
germanys-energy-consum ption-
and-power-mix-charts
o))
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https://www.cleanenergywire.org/factsheets/germanys-energy-consumption-and-power-mix-charts

GERMANY ENERGY PRODUCTION in 2019:

Gross power production in Germany 1990 - 2019,
Data: AG Energiebilanzen 2019, data preliminary.

Power generation in terawatt hours (TWh)

2426 Renewables

— 204
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* Without power generation from pumped storage. @ BY SA 4.0

https://www.cleanenergywire.org/factsheets/
germanvs-energv-consumption-

and-power-mix-charts
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https://www.cleanenergywire.org/factsheets/germanys-energy-consumption-and-power-mix-charts

GERMANY ENERGY PRODUCTION in 2019:

. . . CL
Share of energy sources in gross German [power production in first half 2020. (CLEAN |

Data: BDEW 2020, preliminary. m

Mineral oil

21 Power production in terawatt-hours (TWh)

Wind onshore  60.6 (21.6%)

v

Nuclear Renewables

31.8 136.6 Wind offshore 13.9 (5.0%)
(11.3%) (48.7%) Hydro power 9.5 (3.4%)
Hard coal Biomass 22.4 (8.0%)
17.9
(6.4%)
S Solar 27.3 (9.7%)
Lignite
37.8 LT C—— R, Y

(13.5%)

*Without power generation from pumped storage

Note: Government renewables targets are in relation to total power consumption (272.3 TWh in H1/2020), not
production. Renewables share in gross German power consumption H1/2020 (without pumped storage): 50.2%. @@ Bysa4o

https://www.cleanenergywire.org/factsheets/
germanvs-energv-consumption-
and-power-mix-charts
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https://www.cleanenergywire.org/factsheets/germanys-energy-consumption-and-power-mix-charts

U.S. ENERGY USE/PRODUCTION

ELECTRICAL LOAD BALANCING
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U.S. ENERGY USE/PRODUCTION ~2004 ++

Applications Elizabethtown

Intelligent energy storage College Research
with alumnus
Dr. Dax Kepshire

JT Wunderlich PhD



U.S. ENERGY USE/PRODUCTION ~2004 ++

Applications Elizabethtown

Energy load-shedding College Research
with alumnus
Dr. Dax Kepshire

JT Wunderlich PhD



U.S. ENERGY USE/PRODUCTION ~2004 ++

Applications Elizabethtown
Intelligent energy storage College Research

with alumnus

Dr. Dax Kepshire

SELECT STUDENT COMPUTER ENGINEERING RESEARCHERS FROM FIRST DECADE OF THE LA

Mathew Lister, CompE 02, organized students for first large robot, then went on to design UAV's for ~20 ye: *
Brian Holton, CompE 02, First Wunderot with Machine Intelligence
¢ MS CompE, Rensselaer Polytechnic Institute
« Now upper management at Hershey
Diego Campos, CompE 02, Presented in Japan Search & Rescue robot swarm, simulated & built
e MS Engineering, Drexel

Dax Kephire, CompE 04, Raised $100,000 for first Wunderbot entered in international competition
« MS and PhD Engineering Sciences, Dartmouth
« Raised $12,000,000 in venture capital to Found SustainX; 200 employees; Now exec for Siemens in DC

Mathew Barley, CompE 05, One of the founders of Wunderbots for international competition
e Senior Management at GEA USA & Germany; hired 5 other Etown CompE's, and many others
Steve Sanko, CompE 05, First Wunderbot complex vision, NCAA All-american Track & Field
e Partial completion of PhD EE at Notre Dame, US Naval Officer (almost completed Navy Seal training)
¢ MBA U. Pittsburg, and now upper Management for Ford in Florida

James Painter, CompE 08, presented paper on Wunderot vision in Florida, in session with NASA researchers
e MS in Electrical Engineering from Stanford University after working at Google and Intel
e Now at Sortvision in silicon valley
David Coleman, CompE 08, Presented complex Wunderbot path-planning at Italy conference
e MS Electrical Engineering U. of Arkansas, PhD Computer Science, U. of Maryland
e Now leads research group at Johns Hopkins

Tom Yeager CompE 06 MBA U Maryland, and Dan Fenton CompE 11, have advanced positions at Phoenix
Contact USA where many other CompE, CS, and other students have gained employment and intemships.
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2020 LECTURE: 21st year of Etown Robotics & Machine Intelligence Lab, and ARCHITECTURE STUDIO
59 views *« Apr 19, 2020 iy © §! o ~» SHARE + SAVE

Joseph Wunderlich
@ 15 subscribers WatC h . SUBSCRIBE

4
Celebrating 21 years of the Robotics & Machine Intelligence lab, and Architecture studio, at _// b |:
Elizabethtown College, including approximately 300 student projects. PDF-w/links: htt ps . WWW-VO u t u e o CO

™,

http://users.etown.edu/w/wunderjt/PAC...

T Wunderlich BD m/watch?v=Jk3kZ8qyS2M



https://www.youtube.com/watch?v=Jk3kZ8qyS2M

Supplemental Reading () Wunderlich Lectures):

Lighting (LEED-Points)
Daylight (LEED-Points)
Views (LEED-Points)

Vision - Eyes&Brain
Vision - NonVisual-Effects
Vision - Performance&Perception

Human vs. Machine Vision
Color-Physics/Display-Tech
Computer-graphics
Graphics-boards



http://users.etown.edu/w/wunderjt/Architecture%20Lectures/LEED%20v4%20INTERIOR%20LIGHTING.pdf
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/LEED%20v4%20DAYLIGHT.pdf
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/LEED%20v4%20QUALITY%20VIEWS.pdf
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/LIGHTING_IES_CH2_Eyes_Brain01272018_0006.pdf
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/LIGHTING_IES_CH3_Non_Visual_Effects01272018.pdf
http://users.etown.edu/w/wunderjt/Architecture%20Lectures/LIGHTING_IES_CH4_Performance_and_Perception01272018.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2020%20BOOKSTORE%20Human%20Vision.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2021%20BOOKSTORE%20Understanding%20Color%20highlighted%20plus%20Displays%20IN%20COLOR.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2022%20BOOKSTORE,%20TEXTBOOK%20CHAPTER%20Reading%20Graphics%20CDA.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2023%20BOOKSTORE%20GRAPHICS_BOARDS_3.pptx

