שלום רב,
להלן לקט מס' 58 (איש החודש):
1. IPhone.
2. ARCIC - ARMY Capabilities Integration Center in TRADOC. In Resources open Army Modular Force to learn where the ARMY goes.

3. Bunker Buster in Slow Motion with SDB (Small Diameter Bomb).

4. [Florin] A Failure of Intelligence - Prominent physicist Freeman Dyson recalls the time he spent developing analytical methods to help the British Royal Air Force bomb German targets during World War II.
5. [Neer Saad] This link is a very good tool for the Israeli PR, as it is a documentation of a true incident. The speaker is a Lebanese young woman who talks about her experience with her wounded mother in Israel. Don't hesitate to forward.
6. [Florin] WISDOM - From the Military Manual. 

7. [שרביט] מאמר אותו אפשר ללמד בכל קורס לניתוח מערכות בפרק העוסק בניתוח עלויות/תועלות כספיות. זו דוגמא יפה למה שקורה שמתייחסים לתוצאות בצורה פשטנית. שימו לב איך שינויים שרירותיים לחלוטין בפרמטרים שלחלקם משמעות מפוקפקת (הנגזרת של "ערך הזמן") ושערכם היה די שרירותי מלכתחילה משנים באופן מהותי את התוצאות.
8. [גורדון] מבט אישי עם עצות לרמטכ"ל הנכנס.
9. נמצא - התגובה של ארנון סופר למאמר "פער המיליון".
10. [אורן סתר] יום עיון איראן גרעינית:
[image: image1.emf][image: image2.emf][image: image3.emf]
11. מצגות וחומרים נוספים (כולל מחקרים של ראנד על אופטימיזציה בפריסת האמצעים בעולם) מסדנה של מורס בנושא פריסת תשתיות.
12. משטרת ישראל - אתר משטרת תל אביב.
13. טיולים ואופניים: דרום-אדום, פסטיבל כלניות 2007 בנגב המערבי, ובכלל זה הסינגל המופלא של בארי.
14. [רוני] גם זה סוג של מוקש תת-קרקעי:
[image: image4.emf]
15. [יאיר] ולסיום, אתנחתא קומית פיסית מעולה: כמה חכמה כף-רגל ימין שלך? זה ישגע לכם את המוח. ואתם תמשיכו לנסות לעשות את זה לפחות 50 פעם כדי לראות אם אתם יכולים להערים על כף-רגלכם, אבל אתם לא יכולים. בקיצור, בזמן שאתם יושבים ליד שולחן המחשב שלכם, הרימו את כף-רגל ימין שלכם מהרצפה ותעשו איתה סיבובים באוויר לכיוון השעון. עכשיו, בזמן שאתם עושים את הדבר הנ"ל, ציירו באוויר את הספרה 6 עם יד ימינכם. כף-רגלכם תשנה את כיוונה... ואתם לא יכולים לעשות דבר  כדי לשנות את זה... 

[image: image5.jpg]











להתראות בידידות, איתן
http://www.geocities.com/israeli_eitan/Homepage: 

ei999@013.net.ilEmail:  


WISDOM - FROM THE MILITARY MANUAL
· A slipping gear could let your M203 grenade launcher fire when you least expect it. That would make you quite unpopular in what's left of your unit." - Army's magazine of preventive maintenance.
· "Aim towards the Enemy." - Instruction printed on US Rocket Launcher
· "When the pin is pulled, Mr. Grenade is not our friend. - U.S. Marine Corps
· "Cluster bombing from B-52s are very, very accurate. The bombs are guaranteed to always hit the ground." - USAF Ammo Troop
· "If the enemy is in range, so are you." - Infantry Journal
· "It is generally inadvisable to eject directly over the area you just bombed." - U.S. Air Force Manual
· "Whoever said the pen is mightier than the sword obviously never encountered automatic weapons." - General Macarthur
· "Try to look unimportant; they may be low on ammo." - Infantry Journal
· "You, you, and you ... Panic. The rest of you, come with me." - U.S. Marine Corp Gunnery Sgt.
· "Tracers work both ways." - U.S. Army Ordnance
· "Five second fuses only last three seconds." - Infantry Journal
· "Don't ever be the first, don't ever be the last, and don't ever volunteer to do anything." - U.S. Navy Swabbie
· "Bravery is being the only one who knows you're afraid." - David Hackworth
· "If your attack is going too well, you're walking into an ambush." - Infantry Journal
· "No combat-ready unit has ever passed inspection." - Joe Gay
· "Any ship can be a minesweeper. Once."
· "Never tell the Platoon Sergeant you have nothing to do." - Unknown Marine Recruit

· "Don't draw fire; it irritates the people around you." - Your Buddies
· If you see a bomb technician running, follow him." - USAF Ammo Troop
· "Though I Fly Through the Valley of Death, I Shall Fear No Evil. For I am at 80,000 Feet and Climbing." - At the entrance to the old SR-71 operating base Kadena, Japan
· "You've never been lost until you've been lost at Mach 3." - Paul F. Crickmore (test pilot)
· "The only time you have too much fuel is when you're on fire."
· "Blue water Navy truism: There are more planes in the ocean than submarines in the sky." - From an old carrier sailor
· "If the wings are traveling faster than the fuselage, it's probably a helicopter -- and therefore, unsafe."
· "When one engine fails on a twin-engine airplane you always have enough power left to get you to the scene of the crash."
· "Without ammunition, the USAF would be just another expensive flying club."
· "What is the similarity between air traffic controllers and pilots? If a pilot screws up, the pilot dies; If ATC screws up, .... The pilot dies."

· "Never trade luck for skill."
· The three most common expressions (or famous last words) in aviation are: "Why is it doing that?", "Where are we?" And "Oh S...!"
· "Progress in airline flying: now a flight attendant can get a pilot pregnant."
· "Airspeed, altitude and brains. Two are always needed to successfully complete the flight."
· "A smooth landing is mostly luck; two in a row is all luck; three in a row is prevarication."
· "I remember when sex was safe and flying was dangerous."
· "Mankind has a perfect record in aviation; we never left one up there!"
· "Flying the airplane is more important than radioing your plight to a person on the ground incapable of understanding or doing anything about it."
· "The Piper Cub is the safest airplane in the world; it can just barely kill you." - Attributed to Max Stanley (Northrop test pilot)
· "There is no reason to fly through a thunderstorm in peacetime." - Sign over squadron ops desk at Davis-Monthan AFB, AZ, 1970
· "If something hasn't broken on your helicopter, it's about to."
· "You know that your landing gear is up and locked when it takes full power to taxi to the terminal."
· As the test pilot climbs out of the experimental aircraft, having torn off the wings and tail in the crash landing, the crash truck arrives, the rescuer sees a bloodied pilot and asks "What happened?". The pilot's reply: "I don't know, I just got here myself!" - Attributed to Ray Crandell (Lockheed test pilot)
להפוך את גולני לסיירת מטכ"ל
"האתגר כמשל" שמצפה לו אינו 'לחזור' אלא 'להפוך'. להפוך חטיבת חי"ר סדירה לסיירת מטכ"ל. נופת הצופים ולשון החלקות אסור שיטעו אותו. אלו הם החבלים בהם אסרה דלילה את שמשון.
כאשר יתיישב גבי אשכנזי, מח"ט גולני לשעבר, על כס הרמטכ"ל יעמדו בפניו אתגרים רבים וגדולים. הראשון שבהם הוא להיזהר מחיבוק הדוב של רעיו משכבר הימים. קולותיהם קוראים לו השכם והערב לחזור אל המקורות, אל הצבא העמממי הפשוט והטוב, אל המקורות שמהם ינק בהיותו חייל בחטיבת החי"ר המפוארת, שגם אני שאפתי להגיע אליה ולא צלח בידי. אולם "האתגר כמשל" שמצפה לו אינו 'לחזור' אלא 'להפוך'. להפוך חטיבת חי"ר סדירה לסיירת מטכ"ל. נופת הצופים ולשון החלקות אסור שיטעו אותו. אלו הם החבלים בהם אסרה דלילה את שמשון. הנשיא דה-גול חזר לשלטון על כתפי השמרנים שציפו ממנו להחזיק באלג'יר, אך הוא נינפף אותם לכל עבר והצעיד את צרפת אל העתיד. כך שומה על גבי אשכנזי לנהוג..

בהיותו מנכ"ל משרד הביטחון, הקצה משאבי-עתק למחקר, פיתוח, בחינה, ורכישה של מערכות נשק ואמצעי לחימה עתירי יכולות. נחשף במידה אינטימית למקורות העוצמה הישראלית. שלא כמו רבים מידידיו שטיפסו אתו על גבעות הגליל והחזיקו בפלא הטכנולוגי ששמו 'גליל', ודאי הפיק את הלקח כי טכנולוגיה אינה קיימת למען עצמה, והיא נמדדת ביכולות כמו כל אמצעי, פשוט או מתוחכם. 

יהיה עליו להתגבר על 'שנות העיצוב' שעברו עליו בין מטווח נק"ל למסע אלונקות, בין אוהל סיירים לצפייה במשקפת שדה. יהיה עליו להפוך את חטיבת גולני ליחידת קומנדו מיוחדת. לשתול ביחידות לא רק אמצעי לחימה אלא תורת לחימה חדשה. יהיה עליו לעצב עבור שדרת מפקדי הביניים, תפיסה מבצעית שונה וחדשנית ותפיסת הכשרה אחרת. ויהיה עליו לגבש עבור מאות הגנרלים שלו דוקטרינה שאין הרבה מן המשותף בינה ובין זו המנשבת במסדרונות הארוכים של מז"י. מלאכתו הקשה והחיונית ביותר תהיה להבחין באלו שיילכו עם חשיבתו וחזונו לבין אלו שימשיכו לחתור ולחפור תחתיו את המנהרות שחפרו תחת הרמטכ"ל הנוכחי.

אלו שמעבירים אותו ממשרד למשרד באותו בניין, באותה קומה, מצפים שישקם את המורל. אולם חובתו הראשונה היא להכניס רוח סערה, לנער את המצעים ולא להשאיר אבן על אבן. מהפיכה נחוצה לנו. מורל מפקדים אינו מתחזק במלים גבוהות ובהזדהות ריקה מתוכן. הם ילכו אחרי מפקד שיתווה דרך, שיזקור את סנטרו לפנים וישנה מן היסוד את מארג התפיסות המיושן ואת המבנה הארגוני. שיבטא חזון בלי מורא ובלי משוא פנים. כך מילא הרמטכ"ל הנוכחי את כל תפקידיו, כך על גבי אשכנזי להצעיד קדימה את הצבא הזה, היחיד שיש לנו.

אין לרמטכ"ל 100 ימים של חסד. להיפך. יש לו 100 ימים בלבד להתוות את הכיוון, את היעדים ואת התכנית לביצוע. אחר-כך יישקע ביוון הביצה של דרישות דיומא דוחקות. החשוב ביותר יידחק ע"י החשוב, והחשוב יידחק ע"י הפחות חשוב וכן הלאה.

ועצה אחרונה, על תלכלך על קודמך, אל תלבין את פניו. ראה כיצד שמר על כבוד קודמו, גם כשלא היה על מה לשמור. עצה זו ודאי מיותרת, הרי אתם שניכם מאותו הכפר.

יש לך תוכנית. יש לך יעדים מוגדרים. העם הזה שם בך את יהבו. אל תכזיב.
דו"ח בטכניון: התועלת הכלכלית של חוצה ישראל נמוכה בעשרות מיליארדי שקלים מההערכות המוקדמות
09:18 |  05.1.2007    שרון קדמי  
אילו הבדיקה של סלילת כביש חוצה ישראל שבוצעה ב-1994 היתה מתבצעת כיום, על פי הנוהל הממשלתי המעודכן, ספק אם היתה מתקבלת החלטה להקימו, כך עולה מדו"ח שהוכן באחרונה במוסד שמואל נאמן בטכניון. בדו"ח ערכו חישובים חדשים לפי הנוהל המעודכן, ולטענתם לפי החישוב החדש, התועלת הכלכלית של הכביש תהיה נמוכה בעשרות אחוזים מהתחזית שהוצגה בבדיקות המקדמיות שנערכו לפני הקמת הכביש. 

העבודה שהכינה תמר קינן במסגרת דו"ח סדרי עדיפות לאומית, שיוגש בקרוב למקבלי ההחלטות, מעלה שאלות נוקבות לגבי הבדיקות שנערכו בשעתו, לפני שהוחלט על הקמת הכביש. 

באוגוסט 2006 פורסמה גירסה חדשה של נוהל פרויקטי תחבורה (פר"ת): נוהל של ממשלת ישראל שפותח כדי להתוות הנחיות לבדיקת כדאיות של פרויקטים תחבורתיים, על פי בסיס אחיד. הנוהל משמש לקביעה באילו תוכניות ופרויקטים תחבורתיים כדאי להשקיע, באיזה עיתוי וכיצד להימנע מהשקעות שאינן כדאיות. המטרה היא לספק בסיס להשוואה בין פרויקטים תחבורתיים חלופיים, וכן להוות בסיס לאישור ההוצאה התקציבית. 

בשנתיים האחרונות, לאחר שנים שבהן התעדכנו גישות תחבורתיות שונות, שונה הנוהל באופן משמעותי כך שהוא כולל את בדיקת השלכותיהם הסביבתיות של פרויקטים בתחום התחבורה. הנוהל המעודכן הוא פרי עבודה משותפת של משרד התחבורה, משרד האוצר והמשרד לאיכות הסביבה. עדכונו של הנוהל הביא להערכה מחודשת של כדאיות ההקמה של הכביש. 


מחאות חריפות נגד הכביש
תזכורת: כביש חוצה ישראל הוא פרויקט לאומי שנוי במחלוקת, שההחלטה על סלילתו התקבלה ללא תוכנית אב ארצית לתחבורה. הכביש נסלל לאחר מחאות חריפות של גורמים שונים אשר גרסו כי לא בוצעו כל הבדיקות התכנוניות והסביבתיות הנדרשות, ולא שוקללו כל העלויות של הכביש. במקביל עשתה חברת כביש חוצה ישראל בדיקה כלכלית של כדאיות הפרויקט. בדיקה זו, מציינים בטכניון, הראתה שהתרומה של סלילת הכביש למשק היא מעל 100 מיליארד שקל במונחי 1994. ואולם, קובעים בטכניון, ספק אם היו מגיעים לתוצאה זו אילו היו בודקים את הכביש לפי נורמות המקובלות כיום בעולם. דו"ח הטכניון מתייחס לנתונים ולתחזיות שהיו ידועים ב-94', בעת שחברת כביש חוצה ישראל בדקה את כדאיות הסלילה של הכביש. 

בטכניון מציינים כי ב-1994 ביצעה חברת מתת בדיקה כלכלית של כדאיות הכביש חוצה ישראל, בעקבות בקשה של חברת כביש חוצה ישראל. הבדיקה היתה רחבה ומקיפה, אך התבססה על פרמטרים לחישוב שקבעו מזמיני הבדיקה, ולא נשענו על נוהל אחיד לבחינת פרויקטים, שכן עדיין לא היה נוהל כזה[image: image6.jpg]WINM 107 - TRIW' A¥I0
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במסמך נצפה כי החזר ההשקעה למשק יושלם תוך שנתיים-שלוש, והתמורה הממוצעת להון המושקע תהיה כ-35% בשנה. מבחינה משקית, סיכם מסמך הבדיקה, יש לזרז את סלילת הכביש על מנת למנוע אובדן תועלת למשק בסדר גודל של כ-750 מיליון שקל לכל שנת עיכוב. 

מהדו"ח של הטכניון עולה כי בוחני כדאיות הכביש לא כללו בבדיקתם את כל אורך הכביש, לא שיקללו את עלויות סלילת המחלפים וגם לא את עלויות הסלילה וההשלכות הסביבתיות של כבישי הרוחב. 

שורה של כשלים
ואולם, דו"ח הטכניון טוען לשורה של כשלים בבדיקת ההיתכנות. כך למשל, אורך הכביש המתוכנן הוא 340 ק"מ, אך החלופה הארוכה ביותר שנבחנה הינה באורך של 134 ק"מ - בין אחוזם בדרום (כביש מס' 40) לכביש מס' 70 בצפון. במלים אחרות, אורך הכביש הוא יותר מפי 2.5 מהאורך שנבחן. 

בנוסף לכך, בכל אחד מקטעי הכביש השונים, טופל במסגרת בדיקת ההיתכנות תוואי עקרוני מוגדר יחיד. לא נבחנו תוואים חלופיים, ולא נשקלו במסגרת עבודה זו יתרונותיהם וחסרונותיהם (מבחינה תחבורתית, כלכלית וסביבתית) ביחס לתוואי שנבחן. הבחינה הכלכלית והתנועתית של המחלפים לא נכללה בבדיקת כדאיות הכביש. 

לפי דו"ח הטכניון, עורכי התחשיב לא שיקללו ערכי טבע מיוחדים, ולא כללו את כל השטחים הנדרשים כמו שטח כבישי הרוחב ושטח הכביש לכל אורכו. השיקול החברתי לא הובא בחשבון - ולא שוקללה הפגיעה המרכזית באוכלוסיות חלשות הנובעת מההשקעה בתחבורה פרטית והזנחת התחבורה הציבורית. 

לפי הדו"ח, זיהום מי תהום כתוצאה מהסלילה בקרבת מקורות מים רגישים לא קיבל כל התייחסות; עלויות עקיפות, כגון הנזק הכספי שנגרם מתאונות דרכים וזיהום אוויר, לא הובאו בחשבון במסגרת ההערכה הכלכלית; בנוסף לכך התעלמו עורכי התחשיב מעלויות הפרויקט כולו, כגון עלויות הסלילה של כבישי הרוחב. 

אילו היו מתקנים את הכשלים הללו, המספרים היו צונחים בעשרות אחוזים ומגיעים ל-40% מאלו שהתקבלו בשעתו. לפי דו"ח הטכניון, תועלת החיסכון בזמן שהציגה חברת כביש חוצה ישראל היא 78.6 מיליארד שקל. ואולם, בשימוש בפרמטרים הנדרשים על פי נוהל פר"ת, כמו שער היוון של 7% לשנה (ולא 4% כפי שחושב) וגידול שנתי של 1% בערך הזמן (לעומת 1.5% בבדיקה המקורית), מגיעים לתועלת של 33.4 מיליארד שקל בלבד - 42.5% בלבד מהתועלת שהציגה חברת כביש חוצה ישראל. בדו"ח הטכניון מצוין כי שער ריבית גבוה מקטין את כדאיות הפרויקט, משום שהערך הנוכחי של ההכנסות הולך וקטן עם העלייה בגובה הריבית. 

בדו"ח הטכניון נכתב עוד, כי גם בניתוח חלופה הכוללת מערכות תחבורה ציבורית מפותחות, לא נבחנה האופציה של מערכות תחבורה ציבורית משופרות, ללא כביש חוצה ישראל. הבדיקה שנעשתה עבור חברת כביש חוצה ישראל הראתה, כי במצב של שיפור ניכר בתחבורה הציבורית חלה ירידה של כ-7% מהנסועה של הרכב הפרטי במערכת הכבישים הארצית. נותר רק לנחש מה היתה מציגה אותה מערכת המודלים אילו היתה נבחנת מערכת התחבורה הכוללת תחבורה ציבורית משופרת ללא כביש 6. 

לסיכום נכתב בדו"ח כי אילו התבצעה עבודה מקיפה של ניתוח עלות תועלת לכביש חוצה ישראל לפי נוהל פר"ת במלואו, ייתכן בהחלט שתוצאות הבדיקה היו מציגות תמונה שונה לחלוטין של כדאיות סלילת הכביש. כבר בעבודה זו ניתן לראות כי תועלת הכביש ירדה בכמה עשרות מיליארדי שקלים, במונחי 94'. 

חוצה ישראל נגד דו"ח הטכניון

מחברת כביש חוצה ישראל נמסר בתגובה: "כותבת המחקר מסתירה את המצב הקטסטורפלי שהיה מתרחש בכביש 2 (כביש החוף) וכביש 4 אליהם היו מגיעים 80 אלף הנהגים העוברים כיום מדי יום בכביש חוצה ישראל, בעיקר בשעות השיא. המחקר מתבסס לא מעט על עבודות שנעשו בעבר ומומנו ע"י גופים שהתנגדו לסלילת הכביש, דבר שהחוקרת נמנעה מלפרסם במחקרה". 

"ברצוננו להזכיר כי מחלקת המחקר של בנק ישראל העריכה בזמנו את הנזק השנתי הנגרם למשק הלאומי כתוצאה מאי סלילתו של הכביש ב-750 מליון שקל לשנה. 

"לטענת המחקר כי אורך הכביש המתוכנן הינו 340 ק"מ, אך נערכה בדיקת כדאיות ל-134 ק"מ בלבד נשיב כי הטענה אינה במקומה. הכותבת מתעלמת מכך שהבדיקה שנערכה התייחסה לכביש 6 בין אחוזם מדרום לקרית גת לאלייקים/כביש 70 בצפון, כלומר באורך 134 ק"מ. לא הובא בחשבון כתנאי לכדאיות הכביש באורך זה שבעתיד הוא יפותח דרומה או צפונה. התועלות והעלויות בבדיקה שנערכה הן לכביש באורך 134 ק"מ בלבד. הארכת הכביש בקטעים נוספים תבוצע לאחר בדיקת כדאיות נפרדת. 

"באשר לטענה על התעלמות מההשקעה בסלילת כבישי רוחב - טענה זו אינה נכונה מעיקרה. כבישי הרוחב נדרשים גם ללא כל קשר לכביש 6, ורק חלק קטן מהתנועה, פחות מ-15% מהתעבורה בכבישים כמו 471 ,531, 431 ואחרים קשורה לכביש 6. על סמך בדיקות כדאיות נפרדות שנעשו לכבישי הרוחב מאוחר יותר ניתן לקבוע שהבאה בחשבון של כבישי הרוחב היתה מגדילה משמעותית את הערך הנוכחי הנקי המחושב". 

בנוסף מציינים בחברה כי "אין מקום בעולם בו בלמה מדיניות עידוד התחבורה הציבורית וההשקעה ברכבות את השימוש הגובר ברכב פרטי במונחים ארציים. אין פירוש הדבר שאין להשקיע בתחבורה ציבורית, במיוחד לפתרון בעיות של נסיעות למרכזים מטרופוליניים ולנסיעות בתוך מטרופולינים, ואולם הנגיעה של פתרונות אלה לכביש 6 נמוכה מאוד הן בתחום תנועת הנוסעים הן בתחום תנועת המטענים. 

"בדו"ח נטען לשימוש במקדמים שונים בבדיקה הכלכלית שנעשתה על ידי מ.ת.ת. לכך נשיב כי היוון זרם תועלות עתידיות ב-4% או ב-7% לא משפיע כלל על התועלת הכלכלית. זהו עניין טכני, המתבטא בהצגה נומינלית ולא בערכים כלכליים. תועלת מהוונת מצטברת של 79 מיליארד שקל בהיוון של 4%, זהה לתועלת מהוונת של 40 מיליארד שקל בהיוון ב-7%, כשם ש-1.609 ק"מ זהה ל-1 מייל. הפחתת התוספת לערך הזמן הריאלי מ-1.5% בשנה ל-1% בשנה תפחית באופן שולי את התועלת המחושבת, היות שהשפעת השינוי תהיה בעיקר בשנים מאוחרות, שתועלתם המהוונת נמוכה". 

לסיום ביקשו בחוצה ישראל לציין כי תגובה קצרה זו היא חלקית, ואין ללמוד ממנה על הסכמה לנקודות נוספות העולות ממסמך מוסד שמואל נאמן שלא נידונו בה.
A Failure of Intelligence - Prominent physicist Freeman Dyson recalls the time he spent developing analytical methods to help the British Royal Air Force bomb German targets during World War II.

I began work in the Operational Research Section (ORS) of the British Royal Air Force's Bomber Command on July 25, 1943. I was 19 years old, fresh from an abbreviated two years as a student at the University of Cambridge. The headquarters of Bomber Command was a substantial set of red brick buildings, hidden in the middle of a forest on top of a hill in the English county of Buckinghamshire. The main buildings had been built before the War. The ORS was added in 1941 and was housed in a collection of trailers at the back. Trees were growing right up to our windows, so we had little daylight even in summer. The Germans must have known where we were, but their planes never came to disturb us. 

I was billeted in the home of the Parsons family in the village of Hughenden. Mrs. Parsons was a motherly soul and took good care of me. Once a week, she put her round tin bathtub out on her kitchen floor and filled it with hot water for my weekly splash. Each morning I bicycled the five miles up the hill to Bomber Command, and each evening I came coasting down. Sometimes, as I was struggling up the hill, an air force limousine would zoom by, and I would have a quick glimpse of our commander in chief, Sir Arthur Harris, sitting in the back, on his way to give the orders that sent thousands of boys my age to their deaths. Every day, depending on the weather and the readiness of the bombers, he would decide whether to send their crews out that night or let them rest. Every day, he chose the targets for the night.

"Bomber" Harris's entire career had been devoted to the proposition that strategic bombing could defeat Germany without the use of land armies. The mammoth force of heavy bombers that he commanded had been planned by the British government in 1936 as our primary instrument for defeating Hitler without repeating the horrors of the trench warfare of World War I. Bomber Command, by itself, was absorbing about one-quarter of the entire British war effort.

The members of Bomber Command's ORS were civilians, employed by the Ministry of Aircraft Production and not by the air force. The idea was that we would provide senior officers with independent scientific and technical advice. The experimental physicist Patrick Blackett had invented the ORS system in order to give advice to the navy. One of the crucial problems for the navy was to verify scientifically the destruction of U-boats. Every ship or airplane that dropped a depth charge somewhere near a U-boat was apt to claim a kill. An independent group of scientists was needed to evaluate the evidence impartially and find out which tactics were effective.

Bomber Command had a similar problem in evaluating the effectiveness of bombing. Aircrew frequently reported the destruction of targets when photographs showed they had missed by several miles. The navy ORS was extremely effective and made great contributions to winning the war against the U-boats in the Atlantic. But Blackett had two enormous advantages. First, he was a world-renowned scientist (who would later win a Nobel Prize), with a safe job in the academic world, so he could threaten to resign if his advice was not followed. Second, he had been a navy officer in World War I and was respected by the admirals he advised. Basil Dickins, the chief of our ORS at Bomber Command, had neither of these advantages. He was a civil servant with no independent standing. He could not threaten to resign, and Sir Arthur Harris had no respect for him. His career depended on telling Sir Arthur things that Sir Arthur wanted to hear. So that is what he did. He gave Sir Arthur information rather than advice. He never raised serious questions about Sir Arthur's tactics and strategy.

Our ORS was divided into sections and subsections. The sections were ORS1, concerned with bombing effectiveness; ORS2, concerned with bomber losses; ORS3, concerned with history. My boss, Reuben Smeed, was chief of ORS2. The subsections of ORS2 were ORS2a, collecting crew reports and investigating causes of losses; ORS2b, studying the effectiveness of electronic countermeasures; ORS2c, studying damage to returning bombers; ORS2d, doing statistical analysis and other jobs requiring some mathematical skill. I was put into ORS2d. 

Two other new boys arrived at the same time I did. One was John Carthy, who was in ORS1; the other was Mike O'Loughlin, who shared an office with me in ORS2d. John had been a leading actor in the Cambridge University student theater. Mike had been briefly in the army but was discharged when he was found to be epileptic. John and Mike and I became lifelong friends. John was cheerful, Mike was bitter, and I was somewhere in between. In later life, John was a biologist at the University of London, and Mike taught engineering at the Cambridge Polytechnic. After retiring from the Polytechnic, Mike became an Anglican minister in the parish of Linton, near Cambridge.

The ORS consisted of about 30 people, a mixed bunch of civil servants, academic experts, and students. Working with us were an equal number of WAAFs, girls of the Women's Auxiliary Air Force, who wore blue uniforms and were subject to military discipline. The WAAFs were photographic interpreters, calculators, technicians, drivers, and secretaries. They did most of the real work of the ORS. They also supplied us with tea and sympathy. They made a depressing situation bearable. Their leader was Sergeant Asplen, a tall and strikingly beautiful girl whose authority was never questioned. The sergeant kept herself free of romantic entanglements. But two of her charges, a vivacious redhead named Dorothy and a more thoughtful brunette called Betty, became attached to my friends John and Mike. Love affairs were not officially discouraged. We cele​brated two weddings before the War was over, with Dorothy and Betty discarding their dumpy blue uniforms for an afternoon and appearing resplendent in white silk. The marriages endured, and each afterwards produced four children.

My first day of work was the day after one of our most successful operations, a full-force night attack on Hamburg. For the first time, the bombers had used the decoy system, which we called WINDOW and the Americans called CHAFF. WINDOW consisted of packets of paper strips coated with aluminum paint. One crew member in each bomber was responsible for throwing packets of WINDOW down a chute, at a rate of one packet per minute, while flying over Germany. The paper strips floated slowly down through the stream of bombers, each strip a resonant antenna tuned to the frequency of the German radars. The purpose was to confuse the radars so that they could not track individual bombers in the clutter of echoes from the WINDOW.

That day, the people at the ORS were joyful. I never saw them as joyful again until the day that the war in Europe ended. WINDOW had worked. The bomber losses the night before were only 12 out of 791, or 1.5 percent, far fewer than would have been expected for a major operation in July, when the skies in northern Europe are never really dark. Losses were usually about 5 percent and were mostly due to German night fighters, guided to the bombers by radars on the ground. WINDOW had cut the expected losses by two-thirds. Each bomber carried a crew of seven, so WINDOW that night had saved the lives of about 180 of our boys.

The first job that Reuben Smeed gave me to do when I arrived was to draw pictures of the cloud of WINDOW trailing through the stream of bombers as the night progressed, taking into account the local winds at various altitudes as measured and reported by the bombers. My pictures would be shown to the aircrew to impress on them how important it was for them to stay within the stream after bombing the target, rather than flying home independently.

Smeed explained to me that the same principles applied to bombers flying at night over Germany and to ships crossing the Atlantic. Ships had to travel in convoys, because the risk of being torpedoed by a U-boat was much greater for a ship traveling alone. For the same reason, bombers had to travel in streams: the risk of being tracked by radar and shot down by an enemy fighter was much greater for a bomber flying alone. But the crews tried to keep out of the bomber stream, because they were more afraid of collisions than of fighters. Every time they flew in the stream, they would see bombers coming close and almost colliding with them, but they almost never saw fighters. The German night fighter force was tiny compared with Bomber Command. But the German pilots were highly skilled, and they hardly ever got shot down. They carried a firing system called Schräge Musik, or "crooked music," which allowed them to fly underneath a bomber and fire guns upward at a 60-degree angle. The fighter could see the bomber clearly silhouetted against the night sky, while the bomber could not see the fighter. This system efficiently destroyed thousands of bombers, and we did not even know that it existed. This was the greatest failure of the ORS. We learned about Schräge Musik too late to do anything to counter it.

Smeed believed the crew's judgement was wrong. He thought a bomber's chance of being shot down by a fighter was far greater than its chance of colliding with another bomber, even in the densest part of the bomber stream. But he had no evidence: he had been too busy with other urgent problems to collect any. He told me that the most useful thing I could do was to become Bomber Command's expert on collisions. When not otherwise employed, I should collect all the scraps of evidence I could find about fatal and nonfatal collisions and put them all together. Then perhaps we could convince the aircrew that they were really safer staying in the stream.

There were two possible ways to study collisions, using theory or using observations. I tried both. The theoretical way was to use a formula: collision rate for a bomber flying in the stream equals density of bombers multiplied by average relative velocity of two bombers multiplied by mutual presentation area (MPA). The MPA was the area in a geometric plane perpendicular to the relative velocity within which a collision could occur. It was the same thing that atomic and particle physicists call a collision cross section. For vertical collisions, it was roughly four times the area of a bomber as seen from above. The formula assumes that two bombers on a collision course do not see each other in time to break off. For bombers flying at night over Germany, that assumption was probably true.

All three factors in the collision formula were uncertain. The MPA would be smaller for a sideways collision than for an up-and-down collision, but I assumed that most of the collisions would be up-and-down, with the relative velocity vertical. The relative velocity would depend on how vigorously the bombers were corkscrewing as they flew. Except during bombing runs over a target, they never flew straight and level; that would have left them sitting ducks for antiaircraft guns. The standard maneuver for avoiding antiaircraft fire was the corkscrew, combining side-to-side with up-and-down weaving. For predicting collisions, it was the up-and-down motion that was most important. From crew reports I estimated up-and-down motions averaging 40 miles an hour, uncertain by a factor of two. But the dominant uncertainty in the collision formula was the density of bombers in the stream.

I studied the crew reports, which sometimes described large deviations from the tracks that the bombers were supposed to fly. For the majority of crews, who reported no large deviations, there was no way to tell how close to their assigned tracks they actually flew. My best estimate of the density of bombers was uncertain by a factor of 10. This made the collision formula practically worthless as a predictive tool. But it still had value as a way to set an upper bound on the collision rate. If I assumed maximum values for all three factors in the formula, it gave a loss rate due to collisions of 1 percent per operation. One percent was much too high to be acceptable, but still less than the overall loss rate of 5 percent. Even if we squeezed the bomber stream to the highest possible density, collisions would not be the main cause of losses.

How common, really, were collisions? Observational evidence of lethal crashes over Germany was plentiful but unreliable. The crews frequently reported seeing events that looked like collisions: first an explosion in the air, and then two flaming objects falling to the ground. These events were visible from great distances and were often multiply reported. The crews tended to believe that they were seeing collisions, but there was no way to be sure. Most of the events probably involved single bombers, hit by antiaircraft shells or by fighter cannon fire, that broke in half as they disintegrated.

In the end I found only two sources of evidence that I could trust: bombers that collided over England and bombers that returned damaged by nonlethal collisions over Germany. The numbers of incidents of both kinds were reliable, and small enough that I could investigate each case individually. The case that I remember best was a collision between two Mosquito bombers over Munich. The Mosquito was a light, two-seat bomber that Bomber Command used extensively for small-scale attacks, to confuse the German defenses and distract attention from the heavy attacks. Two Mosquitoes flew alone from England to Munich and then collided over the target, with only minor damage. It was obvious that the collision could not have been the result of normal operations. The two pilots must have seen each other when they got to Munich and started playing games. The Mosquito was fast and maneuverable and hardly ever got shot down, so the pilots felt themselves to be invulnerable. I interviewed Pilot-Officer Izatt, who was one of the two pilots. When I gently questioned him about the Munich operation, he confessed that he and his friend had been enjoying a dogfight over the target when they bumped into each other. So I crossed the Munich collision off my list. It was not relevant to the statistics on collisions between heavy bombers in the bomber stream. There remained seven authentic nonlethal collisions between heavy bombers over Germany.

For bombers flying at night over England in training exercises, I knew the numbers of lethal and non​lethal collisions. After more than 60 years, I can't recall them precisely, but I remember that the ratio of lethal to nonlethal collisions was three to one. If I assumed that the chance of surviving a collision was the same over Germany as over England, then it was simple to calculate the number of lethal collisions over Germany. But there were two reasons that assumption might be false. On the one hand, a badly damaged aircraft over Germany might fail to get home, while an aircraft with the same damage over England could make a safe landing. On the other hand, the crew of a damaged aircraft over England might decide to bail out and let the plane crash, while the same crew over Germany would be strongly motivated to bring the plane home. There was no way to incorporate these distinctions into my calculations. But since they pulled in opposite directions, I decided to ignore them both. I estimated the number of lethal collisions over Germany in the time since the massive attacks began to be three times the number of nonlethal collisions, or 21. These numbers referred to major operations over Germany with high-density bomber streams, in which about 60,000 sorties had been flown at the time I did the calculation. So collisions destroyed 42 aircraft in 60,000 sorties, a loss rate of .07 percent. This was the best estimate I could make. I could not calculate any reliable limits of error, but I felt confident that the estimate was correct within a factor of two. It was consistent with the less accurate estimate obtained from the theoretical formula, and it strongly confirmed Smeed's belief that collisions were a smaller risk than fighters.

For a week after I arrived at the ORS, the attacks on Hamburg continued. The second, on July 27, raised a firestorm that devastated the central part of the city and killed about 40,000 people. We succeeded in raising firestorms only twice, once in Hamburg and once more in Dresden in 1945, where between 25,000 and 60,000 people perished (the numbers are still debated). The Germans had good air raid shelters and warning systems and did what they were told. As a result, only a few thousand people were killed in a typical major attack. But when there was a firestorm, people were asphyxiated or roasted inside their shelters, and the number killed was more than 10 times greater. Every time Bomber Command attacked a city, we were trying to raise a firestorm, but we never learnt why we so seldom succeeded. Probably a firestorm could happen only when three things occurred together: first, a high concentration of old buildings at the target site; second, an attack with a high density of incendiary bombs in the target's central area; and, third, an atmospheric instability. When the combination of these three things was just right, the flames and the winds produced a blazing hurricane. The same thing happened one night in Tokyo in March 1945 and once more at Hiroshima the following August. The Tokyo firestorm was the biggest, killing perhaps 100,000 people.

The third Hamburg raid was on the night of July 29, and the fourth on August 2. After the firestorm, the law of diminishing returns was operating. The fourth attack was a fiasco, with high and heavy clouds over the city and bombs scattered over the countryside. Our bomber losses were rising, close to 4 percent for the third attack and a little over 4 percent for the fourth. The Germans had learnt quickly how to deal with WINDOW. Since they could no longer track individual bombers with radar, they guided their fighters into the bomber stream and let them find their own targets. Within a month, loss rates were back at the 5 percent level, and WINDOW was no longer saving lives.

Another job that Smeed gave me was to invent ways to estimate the effectiveness of various counter​measures, using all the evidence from a heterogeneous collection of operations. The first countermeasure that I worked on was MONICA. MONICA was a tail-mounted warning radar that emitted a high-pitched squeal over the intercom when a bomber had another aircraft close behind it. The squeals came more rapidly as the distance measured by the radar became shorter. The crews disliked MONICA because it was too sensitive and raised many false alarms. They usually switched it off so that they could talk to each other without interruption. My job was to see from the results of many operations whether MONICA actually saved lives. I had to compare the loss rates of bombers with and without MONICA. This was difficult because MONICA was distributed unevenly among the squadrons. It was given preferentially to Halifaxes (one of the two main types of British heavy bomber), which usually had higher loss rates, and less often to Lancaster bombers, which usually had lower loss rates. In addition, Halifaxes were sent preferentially on less dangerous operations and Lancasters on more dangerous operations. To use all the evidence from Halifax and Lancaster losses on a variety of operations, I invented a method that was later reinvented by epidemiologists and given the name "meta-​analysis." Assembling the evidence from many operations to judge the effectiveness of MONICA was just like assembling the evidence from many clinical trials to judge the effectiveness of a drug.

My method of meta-analysis was the following: First, I subdivided the data by operation and by type of aircraft. For example, one subdivision would be Halifaxes on Bremen on March 5; another would be Lancasters on Berlin on December 2. In each sub​division I tabulated the number of aircraft with and without MONICA and the number lost with and without MONICA. I also tabulated the number of MONICA aircraft expected to be lost if the warning system had no effect, and the statistical variance of that number. So I had two quantities for each subdivision: observed-minus-expected losses of MONICA aircraft, and the variance of this difference. I assumed that the distributions of losses in the various subdivisions were uncorrelated. Thus, I could simply add up the two quantities, observed-minus-expected losses and variance, over all the subdivisions. The result was a total observed-minus-expected losses and variance for all the MONICA aircraft, unbiased by the different fractions of MONICA aircraft in the various subdivisions. This was a sensitive test of effectiveness, making use of all the available information. If the total of observed-minus-expected losses was significantly negative, it meant that MONICA was effective. But instead, the total was slightly positive and less than the square root of the total variance. ​MONICA was statistically worthless. The crews had been right when they decided to switch it off.

I later applied the same method of analysis to the question of whether experience helped crews to survive. Bomber Command told the crews that their chances of survival would increase with experience, and the crews believed it. They were told, After you have got through the first few operations, things will get better. This idea was important for morale at a time when the fraction of crews surviving to the end of a 30-​operation tour was only about 25 percent. I subdivided the experienced and inexperienced crews on each operation and did the analysis, and again, the result was clear. Experience did not reduce loss rates. The cause of losses, whatever it was, killed novice and expert crews impartially. This result contradicted the official dogma, and the Command never accepted it. I blame the ORS, and I blame myself in particular, for not taking this result seriously enough. The evidence showed that the main cause of losses was an attack that gave experienced crews no chance either to escape or to defend themselves. If we had taken the evidence more seriously, we might have discovered Schräge Musik in time to respond with effective countermeasures.

Smeed and I agreed that Bomber Command could substantially reduce losses by ripping out two gun turrets, with all their associated hardware, from each bomber and reducing each crew from seven to five. The gun turrets were costly in aerodynamic drag as well as in weight. The turretless bombers would have flown 50 miles an hour faster and would have spent much less time over Germany. The evidence that experience did not reduce losses confirmed our opinion that the turrets were useless. The turrets did not save bombers, because the gunners rarely saw the fighters that killed them. But our proposal to rip out the turrets went against the official mythology of the gallant gunners defending their crewmates. Dickins never had the courage to push the issue seriously in his conversations with Harris. If he had, Harris might even have listened, and thousands of crewmen might have been saved.

The part of his job that Smeed enjoyed most was interviewing evaders. Evaders were crew members who had survived being shot down over German-occupied countries and made their way back to England. About 1 percent of all those shot down came back. Each week, Smeed would go to London and interview one or two of them. Sometimes he would take me along. We were not supposed to ask them questions about how they got back, but they would sometimes tell us amazing stories anyway. We were supposed to ask them questions about how they were shot down. But they had very little information to give us about that. Most of them said they never saw a fighter and had no warning of an attack. There was just a sudden burst of cannon fire, and the aircraft fell apart around them. Again, we missed an essential clue that might have led us to Schräge Musik.

On November 18, 1943, Sir Arthur Harris started the Battle of Berlin. This was his last chance to prove the proposition that strategic bombing could win wars. He announced that the Battle of Berlin would knock Germany out of the War. In November 1943, Harris's bomber force was finally ready to do what it was designed to do: smash Hitler's empire by demolishing Berlin. The Battle of Berlin started with a success, like the first attack on Hamburg on July 24. We attacked Berlin with 444 bombers, and only 9 were lost. Our losses were small, not because of WINDOW, but because of clever tactics. Two bomber forces were out that night, one going to Berlin and one to Mannheim. The German controllers were confused and sent most of the fighters to Mannheim.

After that first attempt on Berlin, Sir Arthur ordered 15 more heavy attacks, expecting to destroy that city as thoroughly as he had destroyed Hamburg. All through the winter of 1943 and '44, the bombers hammered away at Berlin. The weather that winter was worse than usual, covering the city with cloud for weeks on end. Our photoreconnaissance planes could bring back no pictures to show how poorly we were doing. As the attacks went on, the German defenses grew stronger, our losses heavier, and the "scatter" of the bombs worse. We never raised a firestorm in Berlin. On March 24, in the last of the 16 attacks, we lost 72 out of 791 bombers, a loss rate of 9 percent, and Sir Arthur admitted defeat. The battle cost us 492 bombers with more than 3,000 aircrew. For all that, industrial production in Berlin continued to increase, and the operations of government were never seriously disrupted.

There were two main reasons why Germany won the Battle of Berlin. First, the city is more modern and less dense than Hamburg, spread out over an area as large as London with only half of London's population; so it did not burn well. Second, the repeated attacks along the same routes allowed the German fighters to find the bomber stream earlier and kill bombers more efficiently.

A week after the final attack on Berlin, we suffered an even more crushing defeat. We attacked Nuremberg with 795 bombers and lost 94, a loss rate of almost 12 percent. It was then clear to everybody that such losses were unsustainable. Sir Arthur reluctantly abandoned his dream of winning the War by himself. Bomber Command stopped flying so deep into Germany and spent the summer of 1944 giving tactical support to the Allied armies that were, by then, invading France.

The history of the 20th century has repeatedly shown that strategic bombing by itself does not win wars. If Britain had decided in 1936 to put its main effort into building ships instead of bombers, the invasion of France might have been possible in 1943 instead of 1944, and the war in Europe might have ended in 1944 instead of 1945. But in 1943, we had the bombers, and we did not have the ships, and the problem was to do the best we could with what we had.

One of our group of young students at the ORS was Sebastian Pease, known to his friends as Bas. He had joined the ORS only six months before I had, but by the time I got there, he already knew his way around and was at home in that alien world. He was the only one of us who was actually doing what we were all supposed to be doing: helping to win the War. The rest of us were sitting at Command Headquarters, depressed and miserable because our losses of aircraft and aircrew were tremendous and we were unable to do much to help. The Command did not like it when civilians wandered around operational squadrons collecting information, so we were mostly confined to our gloomy offices at the headquarters. But Bas succeeded in breaking out. He spent most of his time with the squadrons and came back to headquarters only occasionally. Fifty years later, when he was visiting Princeton (where I spent most of my life, working as a professor of physics), he told me what he had been doing.

Bas was able to escape from Command Headquarters because he was the expert in charge of a precise navigation system called G-H. Only a small number of bombers were fitted with G-H, because it required two-way communication with ground stations. These bombers belonged to two special squadrons, 218 Squadron being one of them. The G-H bombers were Stirlings, slow and ponderous machines that were due to be replaced by the smaller and more agile Lancasters. They did not take part in mass-bombing operations with the rest of the Command but did small, precise operations on their own with very low losses. Bas spent a lot of time at 218 Squadron and made sure that the G-H crews knew how to use their equipment to bomb accurately. He had "a good war," as we used to say in those days. The rest of us were having a bad war.

Sometime early in 1944, 218 Squadron stopped bombing and started training for a highly secret operation called GLIMMER, which Bas helped to plan, and whose purpose was to divert German attention from the invasion fleet that was to invade France in June. The operation was carried out on the night of June 5-6. The G-H bombers flew low, in tight circles, dropping WINDOW as they moved slowly out over the English Channel. In conjunction with boats below them that carried specially designed radar transponders, they appeared to the German radars to be a fleet of ships. While the real invasion fleet was moving out toward Normandy, the fake invasion fleet of G-H bombers was moving out toward the Pas de Calais, 200 miles to the east. The ruse was successful, and the strong German forces in the Pas de Calais did not move to Normandy in time to stop the invasion. While Bas was training the crews, he said nothing about it to his friends at the ORS. We knew only that he was out at the squadrons doing something useful. Even when GLIMMER was over and the invasion had succeeded, Bas never spoke about it. My boss, Reuben Smeed, was a man of considerable wisdom. One day at Bomber Command, he said, "In this business, you have a choice. Either you get something done or you get the credit for it, but not both." Bas's work was a fine example of Smeed's dictum. He made his choice, and he got something done. In later life he became a famous plasma physicist and ran the Joint European Torus, the main fusion program of the European Union.

The one time that I did something practically useful for Bomber Command was in spring 1944, when Smeed sent me to make accurate measurements of the brightness of the night sky as a function of time, angle, and altitude. The measurements would be used by our route planners to minimize the exposure of bombers to the long summer twilight over Germany. I went to an airfield at the village of Shawbury in Shropshire and flew for several nights in an old Hudson aircraft, unheated and unpressurized. The pilot flew back and forth on a prescribed course at various altitudes, while I took readings of sky brightness through an open window with an antiquated photometer, starting soon after sunset and ending when the sun was 18 degrees below the horizon. I was surprised to find that I could function quite well without oxygen at 20,000 feet. I shared this job with J. F. Cox, a Belgian professor who was caught in England when Hitler overran Belgium in 1940. Cox and I took turns doing the measurements. My flights were uneventful, but on the last of Cox's flights, both of the Hudson's engines failed, and the pilot decided to bail out. Cox also bailed out and came to earth still carrying the photometer. He broke an ankle but saved the device. In later years, he became rector of the Free University in Brussels.

After the War, Smeed worked for the British government on road traffic problems and then taught at University College London, where he was the first professor of traffic studies. He applied the methods of operational research to traffic problems all over the world and designed intelligent traffic-light control systems to optimize the flow of traffic through cities. Smeed had a fatalistic view of traffic flow. He said that the average speed of traffic in central London would always be nine miles per hour, because that is the minimum speed that people will tolerate. Intelligent use of traffic lights might increase the number of cars on the roads but would not increase their speed. As soon as the traffic flowed faster, more drivers would come to slow it down.

Smeed also had a fatalistic view of traffic accidents. He collected statistics on traffic deaths from many countries, all the way back to the invention of the automobile. He found that under an enormous range of conditions, the number of deaths in a country per year is given by a simple formula: number of deaths equals .0003 times the two-thirds power of the number of people times the one-third power of the number of cars. This formula is known as Smeed's Law. He published it in 1949, and it is still valid 57 years later. It is, of course, not exact, but it holds within a factor of two for almost all countries at almost all times. It is remarkable that the number of deaths does not depend strongly on the size of the country, the quality of the roads, the rules and regulations governing traffic, or the safety equipment installed in cars. Smeed interpreted his law as a law of human nature. The number of deaths is determined mainly by psychological factors that are independent of material circumstances. People will drive recklessly until the number of deaths reaches the maximum they can tolerate. When the number exceeds that limit, they drive more carefully. Smeed's Law merely defines the number of deaths that we find psychologically tolerable.

The last year of the War was quiet at ORS Bomber Command. We knew that the War was coming to an end and that nothing we could do would make much difference. With or without our help, Bomber Command was doing better. In the fall of 1944, when the Germans were driven out of France, it finally became possible for our bombers to make accurate and devastating night attacks on German oil refineries and synthetic-oil-production plants. We had long known these targets to be crucial to Germany's war economy, but we had never been able to attack them effectively. That changed for two reasons. First, the loss of France made the German fighter defenses much less effective. Second, a new method of organizing attacks was invented by 5 Group, the most independent of the Bomber Command groups. The method originated with 617 Squadron, one of the 5 Group squadrons, which carried out the famous attack on the Ruhr dams in March 1943. The good idea, as usually happens in large organizations, percolated up from the bottom rather than trickling down from the top. The approach called for a "master bomber" who would fly a Mosquito at low altitude over a target, directing the attack by radio in plain language. The master bomber would first mark the target accurately with target indicator flares and then tell the heavy bombers overhead precisely where to aim. A deputy master bomber in another Mosquito was ready to take over in case the first one was shot down. Five Group carried out many such precision attacks with great success and low losses, while the other groups flew to other places and distracted the fighter defenses. In the last winter of the War, the German army and air force finally began to run out of oil. Bomber Command could justly claim to have helped the Allied armies who were fighting their way into Germany from east and west.

 

While the attacks on oil plants were helping to win the War, Sir Arthur continued to order major attacks on cities, including the attack on Dresden on the night of February 13, 1945. The Dresden attack became famous because it caused a firestorm and killed a large number of civilians, many of them refugees fleeing from the Russian armies that were overrunning Pomerania and Silesia. It caused some people in Britain to question the morality of continuing the wholesale slaughter of civilian populations when the War was almost over. Some of us were sickened by Sir Arthur's unrelenting ferocity. But our feelings of revulsion after the Dresden attack were not widely shared. The British public at that time still had bitter memories of World War I, when German armies brought untold misery and destruction to other people's countries, but German civilians never suffered the horrors of war in their own homes. The British mostly supported Sir Arthur's ruthless bombing of cities, not because they believed that it was militarily necessary, but because they felt it was teaching German civilians a good lesson. This time, the German civilians were finally feeling the pain of war on their own skins.

I remember arguing about the morality of city bombing with the wife of a senior air force officer, after we heard the results of the Dresden attack. She was a well-educated and intelligent woman who worked part-time for the ORS. I asked her whether she really believed that it was right to kill German women and babies in large numbers at that late stage of the War. She answered, "Oh yes. It is good to kill the babies especially. I am not thinking of this war but of the next one, 20 years from now. The next time the Germans start a war and we have to fight them, those babies will be the soldiers." After fighting Germans for ten years, four in the first war and six in the second, we had become almost as bloody-minded as Sir Arthur.

At last, at the end of April 1945, the order went out to the squadrons to stop offensive operations. Then the order went out to fill the bomb bays of our bombers with food packages to be delivered to the starving population of the Netherlands. I happened to be at one of the 3 Group bases at the time and watched the crews happily taking off on their last mission of the War, not to kill people but to feed them. 

Freeman Dyson was for many years professor of physics at the Institute for Advanced Study in Princeton. He is famous for his contributions to mathematical physics, particularly for his work on quantum electrodynamics. He was awarded the Lorentz Medal in 1966 and the Max Planck Medal in 1969, both for his contributions to modern physics. In 2000, he was awarded the Templeton Prize for Progress in Religion. 
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